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PREFACE TO THE SECOND EDITION. 



Since the appearance of the first edition of this work, more than six 
years ago, many advances have been made in the chemical analysis of 
urine, while microscopical examination and especially microscopical 
diagnosis still receive comparatively scant attention in most text-books 
on this subject. Many years of experience and teaching have shown the 
author that correct diagnoses by means of microscopical examination 
of urine can frequently be made in cases where other methods are of 
little or no practical value. 

In the revision of this work, the aim has been to increase and im- 
prove the first part on chemical examination, and to incorporate in it 
all the simpler methods and tests which have proven of value as an 
aid to urinary diagnosis in the hands of different authors. The more 
complicated tests, however, which can only be carried out in completely 
fitted chemical laboratories, and are described in the larger text-books on 
the chemistry of urine, have been omitted. The author here desires 
to express his thanks to Mr. Karl Schnackenberg, Ph.G., for his many 
valuable suggestions and proof-reading of this part of the work. 

The greatest stress has been laid upon the microscopical examina- 
tion and especially the microscopical diagnosis. In many cases in which 
the clinical symptoms, although pointing to an affection of the genito- 
urinary tract, are vague, and even with the aid of chemical analysis 
of the urine will not admit of a positive diagnosis, microscopical exami- 
nation, if carefully conducted, will completely clear up the case. It is 
evident that a mere description of the features found in different cases 
cannot be sufficiently clear, but that illustrations made directly from 
nature are absolutely essential. In the present volume the illustrations 
have been drawn by the author directly from specimens in his possession. 
They have been increased in number in this edition, while some of the 
old illustrations were replaced by others. The text has been carefully 
revised and additions made where it was deemed advisable. 
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vi PREFACE TO THE SECOND EDITION. 

In the third part, devoted to microscopical diagnosis, full-page illus- 
tratioiLs have been added to elucidate the text, each drawing giving the 
different features in the case it depicts. This subject is undoubtedly 
of the greatest practical value, and a careful study of the different for- 
mations seen in urine cannot fail to show the importance of urinar>' 
diagnosis. Many mooted points in the clinical symptoms can often be 
cleared up by the microscope in a short space of time, and correct con- 
clusions as to the exact condition of the patient arrived at. The author 
hopes that this volume may serve a useful end, and will consider his 
labors amply rewarded if he has thereby succeeded in simplifying an 
extremely important branch of Microscopy. 

Louis Heitzmann. 

New York, December 1, 1905. 
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INTRODUCTORY. 

CHAPTER I. 

HISTOLOGY AND SECRETION. 

The kidney is a compound tubular gland, which consists of an outer, 
cortical, and an inner, medullary or pyramidal, substance; its surface is 
ensheathed by a dense, fibrous connective-tissue capsule. The main 
constituents of the kidney are the blood-vessels and the uriniferous tu- 
bules; these are held together by a delicate, fibrous connective tissue. 
In the cortical substance, which contains the Malpighian corpuscles, the 
tubules are convoluted, while in the medullary substance they run a 
more nearly straight course. 

Each Malpighian corpuscle is composed of a delicate connective-tissue 
capsule — the capsule of Bowman — and the glomerulus or tuft consisting 
of a number of convolutions of capillary blood-vessels (see Fig. 1). Both 
the inner or glomenilar and the outer free surface of Bowman's capsule 
are lined by flat epithelium in the adult. Between the capsule and the 
glomerulus there is a space, the size of which differs according to the state 
of secretion. The glomerulus is connected with an afferent and an effer- 
ent arterial blood-vessel, the former being the larger of the two, while 
opposite the site of the blood-vessels the uriniferous tubules originate. 

The uriniferous tubules are divided into a number of different seg- 
ments, which are the following: 1. Proximal convoluted tubule. 2. 
Narrow tubule. 3. Distal convoluted tubule. 4. Arched or straight 
collecting tubule. From a confluence of a number of collecting tubules 
the larger collecting tubules are formed, which in turn unite to form the 
papillary ducts or tubules of Bellini; these pass through the renal papilliB 
and empty into the calices and pelvis of the kidney. The course of the 
uriniferous tubules as well as of the blood-vessels is represented in Fig. 
2, a diagram of the kidney. 
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The proximal convoluted tubule originates from the capsule of Bow- 
man as a slightly narrower!, funnel-shai>ed ne(.:k, and, after repealed 
convolutions in the cortex, tciuk ilownward into the meckilla- Here it 
becomes narrow and represents the d^cending branch of He»le*s loop. 
After reaching^ eertaiii depths in the meiiiillary* substance, it turns upon 
itself, producing Henle s loopy and passes again towanl the surface as 
the ascending branch of the narrow tubule or of Henle's loop. It now 
widens, and, at the most peripheral part of the cortex in which there are 




CT» 



T, Capillars^ loops of tho gluinerulusit in eon miction with tJH? nlTerent artery* covered by 
Ef Hat epitb^lla: Cti^ capsule covered with flat cpitheLiHi, in coEcunujiic&tioii with Co^ the 
convoluted tabule; CL. ci»nvoUit€KJ tubule m lougitudiu&l aecUcui; CT^ 4^tivolut«d tubtile 
in trans verse section ( :-: S50), 

no glomeruli, again becomes a convoluted tubule — the distal convoluted 
tubule, also known as the intercalated tubule, which inosculates vdih 
the arclied or straight colieetuig tubule- The latter runs down through 
the medulla, unites with other arched tubules, becomes broader, and 
enters the papilla as tubule of Belhni, which empties into the cal^^x and 
pel%TS of the kiilney. 

The urinLferous tubules are lined by a single layer of epithelia, and 
each portion has it« peculiar epithelial lining. In a general waVt this is 
euhoi did in the co involuted tubules, flat in the narrow, and columnar in 
the collecting tubules, although different iK>rtions of both the narrow and 
collecting tubules are also lined by cuboidal epitheha. All tubules are 
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Fig, 2*^DiAaiiAat op the Kidney. 

T, MaJptghian cor|>u^f-'I^ ; €T, cup^ule of Malpightau corpuscle; €l\ praidmal con- 
vo!iitfi<l tubuJe; jV, liiuruw ur looped tubuie: CH, diat^ convoluted tubule; S, straight 
conpt'tirii^ tubmle in the medullary my of the eorticaJ sut^^tAJiit'e; C, ^traiglit ct*IU*cting 
tubule in tht* iiiMlulUry aubstance; i*, atrwight catlcctiug tubule in ttio ptttiHla: A^ v^nal 
artery; V, renal vein; AV, afTerent vesasel; E\\ eUerent Ni-ssth ^i arterial brancli to the 
cortical substaac«; AP, arterial branch to the mcdullury ^nl^^tanee; CCf civpiUiiries of 
convoIut<?d tubules; CS, capillaries of narrow tubuU'w; CP, eaiHliaries of straight <*ollect- 
ing tubules; Vf^^ bli>od-v««spU of the iueduilar>' substance; L, capillariira of papilla. 
The Bum total of the convoluted tubules h termed the labyrinth, while the straight 
tubules* both narrow mnd oollecting* produce the mcduilary ratya between the labyrintha 
in tlie cortex. 
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surrounded by a delicate connective tissue which carries the blood-ves^ 
sels and nerves. 

The peculiarities of the cortical and medullan- substances are shown 
in Fig^, 3 and 4. 




FtO. 3. COHTICAI, StTBSTANCE OF THE KlDNEY. TrANSV^USE SeCTIOK. BLOOD- 

Vessels Injected (X 500). 
Cf Convoluted tubule; i^, narrow tubule; iVil , ABcendmg braoeb of tiorrow tulmtie; 
S, atraight coUef^tlag tubule. 




//B 



Fio. 4. — ^Meditllaiit Stibst^mck of thb Kidi^et. Tr^nsitebse SscnoK, Bi.oo!>^ 
YESdELS Injected ( K 500). 
^, Neutow tubule; ND, descending branch of narrow tubule; S, straight colLectmg 
tubule ; Vi blood-veasels. 
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The vascTilar supply of the kidney is in intimate relation with the 
Tuiiiiferous tubule. The renal artery divides into a number of branches, 
knoi^Ti as the interlobar arteries, which, upon reac*hiiig the boundary 
zone between the cortical and medullary substance, bend sharply and 
produce the arterial arches. Each artery is aceompanied by a vein, the 




Fid. 5.— 'Injtcted BiiOoi>-Vr:svi i,s of thr Cortical ScbstaXCE or ttte Ktt»irrrOF4 

Ca, Cap<}ule; O, outer zone^ dev^fnd of Malpighian corptwclea; T. Malpighian cor- 
pUBcie; A, aScrent vcsrtf I ; E, cfTi^rt-nt ve«!iM?l, R, branch of neti&l Bft4*r>"; Co* tone of 
convoluted tubules^ S, zoac of ^t might liibulf^. 



veins being connected by lateral branches and producing a venous plexus. 
From the arches straight arterial branches — the interlobular arteries^ 
arise, which penetrate the cortical substance, divide, and give ofT numer- 
ous transverse twigs^the afferent \^essels of the glomerulus (see Fig* 6), 
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The afferent vessel breaks up into a number of small branches which in 
turn give rise to grouj^js of capillaries forming the glomerulus* Larger 
capillaries, arising from the smaller^ unite to form the efferent v^sel^ 
which leaves the glomenihis near the entrance of the afferent vessel* and 
is smaller than the latter. The entire blood supply of the glome riikis 13 
arterial. The efferent ve.'^^l soon tiiviiies freely into capillaries, for the 
supply of the cortical as well as the medullary substance. In these capil- 
laries the blood grathmlly becomes venous and passes into the interlobu- 
lar veins, which accomj>any the arteries to the boundary between the 
cortical and the medullary substance; here the_y enter the venous arches 
which accompany the arterial arches. 

Tlie kidney is richly supplied with medullatcd and non-medullated 
nerve fibres, which accompany the arteri<^ and may be lrace.d to the 
epithelia of the uriniferous tubules. 



Urine, the excretion from the kidneys, is produced partly by 
proceas of filtration in the glomeruli , and partly by the activity of the 
epithelia of the uriniferous tubules. In the glomeruli, not only the 
water is deriveil from the bloodj but also certain inorganic salts, such as 
sodium chloride J and passibly a few other soli As are se[>arate(l. The 
amount of the fluid filtered off depends almost entirely upon the blood 
pressure in the glomeruli. The ejiithelia of the uriniferous tubules con- 
stitute the true secret or>' structure of the kitlney. 

These views, which were first promulgated by Bowman i.n the year 
1842, were later corroborated by exjjeriments of Heidenhain^ who injected 
indigo-carmine into the blood of animals, and found that a blue color 
appeared in the urine soon aftervi-ard, antl that the epithelia of the con- 
voluted and ascending branch of the narrow tubules were stainetl blue, 
while the Malpighian corpuscles ditl not show the slightest traces of the 
stain. After section of the spinal cord, which causes lowering of the 
blood pressure in the renal glomeruli, and injection of indigo-carmine 
the epithelia of the uriniferous tubides were stained blue with this sub- 
stance, which was also found in the lumen of the tubules, wlille the glo- 
meruli were free from stain. This a]i]>ears to show that under ordinarj^ 
circumstances the intligo-carmine is eliminated by the tuliular epithelia, 
and that, when by diminishing the blood pressure the filtration of urine 
ceases^ the snbstance remains in the tubules. 

In the light of our present knowledge upon this subject, it is e\ndcnt 
that most of tlie saline constituents of the urine are the excretory* prod* 
ucts of those uriniferous tubules which are rit*hly supplied with capillary 
blood-vessels aiul the epithelia of which are closely connected mth the 
walls of the vessels. The thickenetl blood contained in these vessels re- 
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absorbs a portion of the liquid from the tubules and supplies the liquid 
in the tubules with a certain amount of its salts. The whole process is 
accomplished through the agency of the living epithelia, and is not to be 
considered a simple process of osmosis. The differences in the struct- 
ure of the epitheha in certain portions of the uriniferous tubules, and 
the striking differences in the distribution of the blood-vessels, strongly 
point toward a difference in the function of portions of the tubules, even 
though up to the present time no exact demonstration of these functions 
concerning the constituent elements of the urine has been furnished. 

Pathological conditions also prove that the renal epithelia possess im- 
portant functions. In diseases in which the function of the tubules is 
much interfered with, their epithelial lining being destroyed to a consid- 
erable degree, urea and allied products are retained in the system, and 
the phenomena of unpmia result. The urine in such cases is of a more 
watery character than normally, has a lower specific gravity, and con- 
tains a smaller amoimt of its characteristic solids. 



CHAPTER II. 
GENERAL REMARKS. 

Urinary analysis, in order to he thorough and of practical value, 
must necessarily be both chemical and micnDscopical. Chemical exam- 
ination, although of great importance, can alone never lead to a correct 
diagnosis ; only through the use of the microscope the nature of the dis- 
ease in the genito-urinary tract, as well as its exact location » can he re- 
vealeih Evety urine to be examined shoidd be fin?t subjected to tlifferent 
chemical tests^ the extent of which will vary with the different eases, and 
then to a microscopical examination. 

In the majority of cases the simpler chemical tests alone will be re- 
quired. These must be made, first, i^ith a \new of detemiining the char- 
acter and amounts of the normal constituents of the urine ; secondly^ for 
the purpose of learning of the presence of any abnonnal constituent. A 
general knowledge of the normal constituents is, therefore, necessary; 
and we must not loBe sight of the fact that these may vwty to a consider- 
able degree, even in ijerfect health, partly from diet, and partly from 
conditions of rest or activity. An increased or diminished amount of 
any ingredient do4^ not necessarily mean a pathological con<Ution, at* 
though when this increase or diminution lasts for a long time a diseased 
condition becomes certain. 

In selecting a si>ecimen for examination, it h essential for accurate 
diagnosis to obtain the total amount of urine passed during the whole 
twenty-fonr honrs^ or to have the patient collect the entire amount^ 
measure it carefully, note the exact tjuantity, and send from four to eight 
ounces of the mixed urine. In collecting the twenty- four hours' amount, 
mistakes are frecpiently made. The proceilure should be the following: 
A certain time — for instance, eight oVlock in the morning — is selected 
for starting the collection of urine; the bladder should be emptied at this 
time and the urine voided thrown away; every drop of mine subse- 
quently voided is carefully collected, the patient lieing instructed to void 
and collect the urine l>efore each movement of the bowels, the last amount 
taken being at eight o*clock the folloT^ing morning. The amount of 
urine is now measured and noted. The urine may be kept in clean botn 
ties of any size, although a bottle holding al>out half a gallon is preferable. 

The reasons for collecting the tw^enty-four hours' amount are various; 
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not only is the total quantity voided important in diagnosing different 
affertion^, but the proportions of the normal as well as of the patholo^cal 
ingredients var\' considerably at different hours of the day and lught, so 
that the exact amounts of these ingredients cannot be determined when 
specimens from single ini nations are examined. In eases in which the 
quantitative ci^timation of urea and solids generally is not essential » or in 
M'hifh the total twenty-four hours* amount cannot be obtaineilj it k best 
to obtain the specimen during the day, a few hours after meals, or in the 
evening. The urine first voide<l in the morning, although usually the 
most concent rat etl, h not the best for examination, since different patho- 
Icigical ingredients, such as albiunin and even sugar^ may l>e absent in the 
morning and yet be present in var^dng amounts at other times. If any 
doubt remains as to the exact condition iix such eases, two samples, 
passctl at tlifferent tinies, must be tested. 

Care should be taken that the Iwttl^ in which the urine is kept are 
scrupulously clean and well corked, and that the urine be obtained in as 
fresh a condition as possible. When the whole twenty-four hours' urine 
is collected, the bottle should he ke[)t in a cool place and the urine poured 
into it as soon as possible after l>eing voided. Even then, secondary 
changes cannot always be guarded against. In colfl weather such changes 
will usually not take place for man\' hours, but in warm weather tlecom- 
position is apt to set in at the end of a few hours, and bacteria develop 
in varying numbers. When not absolutely necessarj\ it. Is not atl\isable 
to adfl any preservatives to the urine until after the chemical tests have 
been made. Extraneous objects can easily find their way into the urine 
when care is not exercif^ed as to cleanliness, and these not infrequently 
lead to confusion in examination. 

When urine is received for examination, it should be set aside for at 
least sbc hours, that a seiliment may be deposited, unless it m preferred 
to use the centrifuge, when examination can proceed at once. In the 
former case the upper part, of the urine is useti for chemical tests, and the 
sediment for microsc^opical examination; while in the latter a small 
amount is used for the centrifugal apparatus, and chemical examination 
can at once be conducte<l with the remainder. 

After determining the amount of urine voided in twenty-four houi^p 
we must note the color, mlor, transparency, and reaction, and carefully 
determine the sjiecific gravity. The approxiniate amount of urea voided 
in twenty- four hours should then be estimated by chemical tests, and 
the total amount of sohds voided, determined. As urea, the chief organic 
constituent of urine, forms approximately forty to fifty per cent of all 
the solid ingredients, the specific g^a\^ty of the specimen ^iW freriuently 
gi%'e an idea of its increase or diminution in a given case. That errors 
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are liable to result from such an estimation is e\4clent, and wherever pos- 
sible a ureometer should be used. 

The next step should always be the determination of the presence or 
absence of albumin, as well as its approximate amount if present, while 
further chemical tests will vary with each individual case. Whenever 
the specific gravity is above normal, or any clinical sjnnptoms lead to a 
suspicion of the presence of sugar, even at a low specific gravity, tests 
for sugar must be resorted to. Should it be desired to know the approx- 
imate amounts of uric acid, chlorides, sulphates, and phosphates present, 
though this Ls not always essential for the diagnosis, the simpler tests for 
these ingredients will, as a rule, be all that are required. 

Before resorting to microscopical examination, the nature of the sedi- 
ment, whether it is present in small or large amount, its color, and its 
general character should be noted; and then all the elements found un- 
der the microscope, as well as their comparative numbers, should be 
carefully observed. It will always be safest to examine a number of 
droj)s before coming to a conclusion and determining upon the diagnosis. 



PART FIRST. 

CHEMICAL EXAMINATION. 



PART FIRST. 

CHEMICAL EXAMINATION, 



CHAPTER III. 

GENERAL PHYSICAL AND CHEMICAL PROPERTIES. 

Normal urine is a yellowish, transparent liquid, of a peculiar odor, 
and always of an acid or faintly acid reaction, when the entire twenty- 
four hours' amount from a person on a mixed diet is tested. This reac- 
tion is not due to free acid, but to acid sodium phosphate (monosodium 
phosphate of the formula NaH,P04), which turns blue litmus paper red. 
The degree of acidity of the urine varies at different times of the day. 
After ingestion of large amounts of vegetables and alkaline waters, the 
reaction may temporarily become alkaline. 

For all clinical purposes the determination of the reaction by means 
of litmus paper is sufficient; blue litmus paper turning red in acid urine, 
and red litmus paper turning blue in alkaline urine. A rough idea of the 
degree of acidity or alkalinity can be obtained by the intensity of the 
change in color, and may be noted as " faintly acid or alkaUne," " acid 
or alkaline,'' and "highly acid or alkaline." Urine is rarely neutral, but 
it occasionally gives both reactions with litmus paper — that is, turns 
blue litmus paper red and red litmus paper blue; and this reaction is 
known as amphoteric. It is due to the presence in variable proportions 
of both acid monosodium phosphate (NaH,POJ and alkaline disodium 
phosphate (Na^HPOO. 

The color of normal urine is yellowish or amber, although the tints 
even in health may var}^ considerably and generally depend upon the 
degree of concentration and the pigments. The reaction also has an in- 
fluence upon the color, and highly acid urine frequently becomes darker 
upon standing, due to the oxidation of chromogens. 

According to Vogel, the following color tints may be distinguished: 
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1 . Pale yellow ) 

2. Light yellow >• Yellow urines 

3. Yellow ) 

4. Reddish-yellow ) 

5. Yellowish-red ^ Reddish urines 

6. Red ) 

7. Brownish-red i 

8. Reddish-brown > Brown or dark urines 

9. Brownish-black ) 

Pale or light yellow urines are rarely highly acid, but usually slightly 
acid, amphoteric, or alkaline, and denote dilution and an increase in the 
amount of urine. Reddish-yellow to brownish-red urines are usually rich 
in solid constituents, contain considerable urea, and are not highly acid. 
Abnormally dark urines may be due to accidental pigments or medicines. 
A dark yellow or reddish-yellow color may be due to rhubarb, senna, 
santonin, or considerable salicylic acid; a red color, to antipyrin, anti- 
febrin, sulfonal, or trional; a brownish-black color, to resorcin, tannin, 
carbolic acid, guaiacol, or thymol; a greenish-black color, to salol or 
pyrogallol; and a blue or greenish-blue color, to methylene blue. 

The average amount of urine passed by a healthy adult in twenty-four 
hours is about 1,500 cubic centimetres, or 50 ounces, although it varies 
between 1,200 and 1,800 c.c, women passing some^vhat smaller quanti- 
ties than men. The specific gravity varies from 1.015 to 1.025, the ave- 
rage being 1.020. 

The amount of urine voided is greatly influenced by different factors. 
It is greater the more liquid is taken into the body, and as the amount of 
solids, which determines the specific gravity, usually remains about the 
same in health, it follows that the specific gravity will be lower the greater 
the quantity voided. The amount of the perspiratory excretion has a 
great bearing upon the quantity of the urine, and in cold weather, when 
the perspiration is lessened, the urine increases in amount. Different 
articles of diet, such as. tea and coffee, undoubtedly stimulate the excre- 
tion of urine. Nervous excitement, anxiety, and hard mental work have 
the same effect. Bodily exercise, increasing perspiration, lessens the 
amount of urine, and therefore renders it more concentrated. The specific 
gravity of urine voided at different hours of the day may, therefore, vary 
to a great degree, sometimes being as low as 1.002 or 1.003, and at other 
times 1.030, without indicating, in any manner, a pathological condition. 

Consistency and Odor. — Normal urine is of a water>' consistency and 
foams if shaken, though the foam soon disappears when at rest. It has 
a peculiar, characteristic odor, which is more or less pronounced accord- 
ing to the degree of concentration, and is spoken of as aromatic or urin- 
ous. If the urine has become alkaline, it acquires a disagreeable, repul- 
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sive, so-called ammoniacal odor, which is due to the presence of bacterial 
decomposition products (probably ammonia and phenols). After uiges- 
tion of certain articles of diet and after taking different medicines, the 
urine emits a more or less characteristic odor. The peculiar odor after 
eating asparagus is said to be due to methylmercaptan. After the ad- 
ministration of oil of turpentine an odor not unlike violets is produced. 
The odor of copaiba, cubebs, and oil of sandalwood is communicated to 
the urine when these drugs are taken internally. An odor, at first not 
imlike sweet-brier, but soon becoming very offensive, is present when the 
urine contains cystin. 

T?i€ solid constituents of normal urine are partly inorganic and partly 
organic. The total amount of solids voided with the urine in twenty-four 
hours is between 60 and 70 gm. The following table of Hammarsten 
gives the average amounts of soUds voided by a healthy adult : 

1. Inorganic constituents less than 27.0 gm. 

Hydrochloric acid, HCl about 9.35* 

Sulphuric acid, H,SO^ 2.50 

Phosphoric acid, P,0^ 2.50 

Nitric acid, HNO, lees than 0.10 

Sodium oxide, Na,0 7.90t 

Potassium oxide, K^O 3.00 

Ammonia, NH, 0.70 

Calcium oxide, CaO 0.30 

Magnesium oxide, MgO 0.50 

Iron, Fe less than 0.01 

2. Organic constituents 35.0 gm. 

Urea about 30.0 

Uric acid 0.7 

Creatinin 1.0 

Hippuric acid . 0.7 

Other organic constituents a total of 2.6 

These consist of purin bodies, oxalic, oxaluric, lactic, carbamic, and 
succinic acids, carbohydrates, glycerophosphoric acid, ethereal sulphates 
of phenol, cresol, pyrocatechin, indoxyl and skatoxyl. pigments, chromo- 
gens, ferments, and a few other non-important substances. 

Tfie urinary jrigments or coloring matters found in urine are urochrome, 
which gives the yellow color to the urine; hajmatoporphyrin, uroha>m- 
atin, uroerythrin, uroindican, and urobilin. The latter is not, as a rule, 
found in freshly voided urine, but is always found after standing; hence 
it is present as a chromogen, named urobilinogen. All of these coloring 
matters are not necessarily present in every urine, the three important 
ones being urochrome, haematoporphyrin, and urobilin. 

♦As sodium chloride, 15 gm. tAs sodium chloride, 15 gm. 
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The gaseom consiitumt^ are carbonic acid, nitrogen, and oxygen, the 

latter in ver>^ small amount only. 

Changes upon Standing, — Norma!, freshly voided urine is always per- 
fectly clear, but if left at rest for a few houre a cloudy sediment^ more or 
less pronoimced, forms, and is usually more marked in the urine of fe- 
males. This sediment, which at first usualh' floats in the centre of the 
urine and gradually settles at the bottom, is known as nufc^enJa, and 
disappears entirely upon shaking. It consists of mucus, with a few flat 
epithclia from the bladder, and, in the urine of females, from the vaguia. 
In adilition to these features, epidermal scales from the prepuce and 
nymphs will always ]ye found, and spermatozoa may also be present. 
At the time of menstruation the urine is red and contains numerous red 
blootl corpuscles, A noiTual acid urine may, after a few hours, precipi- 
tate some amorphous urates, then a few uric-acid crystals, and occasion- 
ally a small numl^er of calcium-oxalate crv^stals. 

After the urine has remained standing for one or more days, bacteria 
develop, their number and rapidity of development depending upon the 
temj>erature. In warm weather they may appear in the course of a few 
hours. In highly acid urine conidia and mycelia not infrequently fonrig 
though cocci and bacilli may also be found, Saccharomycetes or yeast 
fungi may similarly develop in acid urine; these are ma^t commonly, 
though not exclusively, seen in urine containing sugar. In alkaline tirine 
fission fungi — both cocci anil baciJli— are seen in large numbers. When 
ammoniacal decoin position of the urine sets in, the urea is gradually 
transformed into ammonium carbonate through the activity of the 
micro*organLsms. Such a urine becomes turbid or opaqtie from the 
presence of the fission fungi and precipitated phosphates* The deposit 
of amorphous urates now become transformed into ammonium urate^ 
while uric-acid and calcium-oxalate crj'stals disappear, and characteristic 
crystals of triple phosphates develop. 

Under Pathological Conditions the urine maybe passeil as a cloudy 
liquid of varying consistency. The highest degree of \iscidity is usually 
found in chronic cystitis, when the urine, being strongly alkaline and 
decomposing in the bladder, appears as a \'is€id, string}^ muco-purulent 
mass, with a repulsive ammoniacal odor; it contains a varying number 
of bacteria and a large amount of phosphates. In suppurative coali- 
tions the urine often has a |>eculiarly offensive, putrid o<lor. In severe 
cases of diabetes a sweet or fruity otlor of acetone is often imparted to 
the urine, while a fecal odor is present in cases of fistula communicating 
with the intestines. 

The color of the urine will be greatly changed by an increase or de- 
crease of the normal coloring matters or the abnormal presence of biliary 
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matter* Biliary pigmeuts color the urine reddisli-bro\%'ii, brown j or 
greenish, and give to it a greemsh-yellow foam. When the urine is 
mixed with blood it will be more or less dark colored. In febrile contli- 
tioas it hf as a rule, highly acid iix reaction, and has a reddish or reddish* 
brOT^Ti color, partly due to an excessive amount of urates, and partly to 
the presence of nroerythrin. The same may be the case in many slight 
disturbances of the system. In the rare cases of chyluria the urine b 
milky in character. 

The sediment may be considerably increased. An increased amount 
of uric acid gives a red, so-called brick-dust se<liment, which also adheres 
to the sides of the ves^l, while an excess of amorphous urates gives a 
heavy, turbid, so-called clay-water sediment. The presence of inflam- 
matory^ products or phosphates may produce a flaky or granular scdi- 
mentf and the presence of filaments or thremls from the urethra or pros- 
tate gland in cases of urethritis and prostatitis a floccnlent setliment. 

The amount of urifie varies considerably iu many pathological condi- 
tions. Increased quantity of urine is known as polyuria^ dtminislied 
quantity as ohguria, partial or complete suppression us anuria. The 
urine is increased in amount in most cases of diabetes mellitus^ and its 
specific gravity is generally high — 1.030, 1.040, or more— although the 
color is freciuently pale, even straw yellow. In some cases of diabetes, 
however, the specific gra\dty may not only be normal, but l)elow normal 
— 1.015, L012, or less — and still a large amount of sugar may be present. 
The quantity of urine is also considerably increased in rliabetcs insipidus^ 
in hysteria, convulsions, convalescence from tlifferent acute inflammatory' 
diseases, hypertrophy of the heart, and chronic nephritis, esjiecially cir- 
rhosis of the kidney. Patients suffering with cirrhosis constantly void 
large quantities^ of pale, at times almoBt colorless urine, with greatly de- 
creased solid constituents and a specific gravity fre^iuently below 1.010. 

The amount of urine is decreascil in acute inflammations of the kid- 
ney, as well as iu acute inflammatory couditioiis of the other organs and 
acute fevei^. The urine may be more or less completely suppressed in 
^tiTBEmia, in the last stages of cholera and yellow fever, in rapidly progres- 
ive forms of anicmia, in shock due to internal injuries, after catheteriica- 
tion, and in obstrtictive diseases of the urinary passages. In persons 
sufTering from nephritis it may be suppressed after the administration of 
amrsthctics. 

Determination of Specific Gravity, — The simplest method of ascer- 
taining the sjK?eihc gravity is by means of the aerometer, urometer, or 
urinometer (see Fig. 6), which, if carefully constructed, \rill be sufliciently 
accurate for all practical purposes. If tested with distilled water, such a 
urinometer ^ill sink to the 1.000 mark at the a\'erage temperature of the 
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room. The specific gra\ity of a specimen should be taken only after it 
is cooled; otherwise errors will result. The glass cylinder supplied with 
the instminent should be fin ted, so that the latter will not cling to the 
side of the glass. The test is maile as follows: Fill the cylinder four- 
fifths full of urine, removing the froth, if any is present, with filtering 
paper* Place the urinometer in the urinej being careful not to allow it 
to come in contact with the walls of the vessel. Bring the eye on a level 
with the surface of the urine, and read the corresponding division of the 
urinometer. but not the upper rim of the fluid, raised 
a little by capillar^" attraction. Touch the stem, 
causing the urinometer to sink slightly in the fluid, 
1*1 I ^ n ^J^fl, after it has come to re^t, read again. 

■ I I I If the amount of urine is smalls dilute the speci- 

■ ^ men with one, two, or even three volumes of water; 

test as before directed, and midtiply the numl>er 
of the division mark by the number of volumes used 
in the process of dilution. For example, if two vol- 
umes of water have been added to one volume of 
urine, thus making three volumes in all, and the urin- 
ometer stands at L006, the real specific gravity of 
the original urine i^ LOIS. The solid materials 
upon which the specific gravity dei>end^, wliieh were 
tlissolved in one volume, are, after dilution, dissolved in three volumes, 
and the specific gravity is therefore only one-thirrl of the original. 

As indicated above, the temperature is important, and the specific 
gravity should never be taken when the urine is freshly voideiL The 
urinometers are graduated at a temperature of al30ut 15.5*^ to IT.S*^ C. (60*^ 
to 63.5° F.). If the urine is warmer than this temperature, one- third 
of a urinometer degree should be added for each degree of urine temper- 
ature; if colder, one-third of a urinometer degree should be subtracted 
for each degree of urine temperature, A temi>erature scale is found on 
many urinometers, or a thermometer is sup]:>lied with the instrument.* 
More accurate methods for determining the ?«pccific gravity are the 
pyknometer and the Mohr*\Vestphal balance. The latter is useful only 
in more exact work. With the pyknometer exact estimations can also 
be obtained. Many different tyjjes of this instnunent are used, but a 
simple one is shown in Fig. 7. Tills is a flask with a long neck that is 
drawn out in one place; at the narrowest point is a mark- the flask is 
closed with a ground-glass stopper. The flask is first filled with distilled 
water to the mark and weighed; it Is then fillet I with the filtered urine to 

* Squibb 's urinometera, which ore used considerably in this country, are stan- 
dardized at 22.5* C* or 72.5° F., a more oonv^tiient temperature for cUnkal work. 
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mark and weighed again. The weight of the urine tUvided by the 
weight of the water gives the specific gravity. It is very important that 
the temperature of the water and that of the urine 
shotdd be exactly alike when the pyknometer is hlletl 
and when it is weighed * 

Determination of Solids-^To determine the amount 
of solids present in tfie urine voided during twenty-four 
hours, for practical work, the exact quantity passed 
during this time, as well as its specific gravity, must 
l>e known. The specific gravity is directly dependent 
upon the amount of solids in solution, a diminution of the 
lids giving a lower, an increase a higher » specific gravity. 

For clinical purposes the amount of total solids 
voided can be approximately determined by multiply* 
ing the last two figures of the s|>ecific gravity by the 
coedicient of Haeser, which is 2.33 ; this gives the num- 
ber of grants of solid matter in 1 ,000 ex. of urine. This 
number, multiplied by the nund>er of cubic centimetres passed in 
tweoly-four hours and di\dfied by 1*000, will give the amount of solid 
constituents eliminated during that time. 

Suppose, for example, 1 ,500 e.c, of urine were passed in twenty^four 
hours, of a specific gra\dty of L020, To estimate the amount of sohds, 
multiply the last two figures, 20, by the coeffieient, 2,33| and by 1»500, 
and di\ide by 1,000, thus: 

20 X 2.33 X 1,500 

— — 69i90 gm. 

1,000 ^^ 

Or, 20 X 2.33 X 1,5 = 69.90. Again, if 1,2.50 c.e. of urine wciB passed, of 
a specific gra\n ty of 1 .01 8 : IS X 2.33 X L25 = 52,425 gm,, the total amount 
of solids voided in twenty- four hours. 

Valuable conclusions a^ to the amount of solids may thus be obtained 
from the specifitt gravity in a very short time* In diabetes, for instance, 
the t)uantity of urine voided being large and of a high si>ecific gravity, 
the amount of solids k considerably increased; in inflammations of the 
kidney, on the other hand, where the quantity of urine is decreased and 
the specific gravity is low, the amount of solids is diminished. No de- 
iluctions, however, can l>e drawn from the amount of total solids as to 
the amount of any particular solid, especially urea. Although urea con- 
stitutes from forty to fifty per cent of all the sohds excreted in healthy in- 
dividuals, in pathological contlitions the proportions of urea and the 
other solid constituents oft4^n vary to a considerable degree. 

♦Croftan: ^^ainicaJ Urinology, 1904." 




CHAPTER IV. 

NORMAL CONSTITUENTS. 

A. ORGAmC. 

Urea. — Urea or earbamirlo (CONgHJ in the chief organic eonstitu- 
ent of urine and the mor^t important nitrogenous waste product found in 
urine. The greater portion of nitrogen t^aken into the system as food is 
excreted by the kidneys in the form of urea, which substance representa 
between eighty- fi%^e and ninety per cent of the total nitrogen of the urine, 
the other ten to fifteen per cent being represented meetly by uric acid, 
ereatinin, hippuric acid, ammonia, xanthin, and allantoin. Tlie amount 
of urea excreted varies greatly under different ph^'siological conditionSp 
ranging l>etvveen 20 and 35 or 40 gm., or approximately between 310 and 
620 grains in twenty-four hours ; this represents from forty to fifty i)er 
cent or more of all the solid ingredients voided. As urea is the most 
abundant solid of urine, it influences the specific gravity mo6t» which 
latter w^Hl therefore give an approximate idea of an increase or decrease 
of urea- A specimen of normal urine, with a specific gra\ity of 1.020 
and voided in a quantity of about fifty ounces (1,500 c.e*), will contain 
about 450 or 500 grains of urea (28 to 31 gmOi or 9 to 10 grains to the 
ounce, or about two per cent. 

Normally the amoimt of urea excreted varies greatly with the diet; 
it is most abundant after an exclusive meat diet, less abundant after a . 
mixetl, and least abundant after a strictly vegetable diet. It is increased ^ 
after muscular exercise and mental activity. Pathologically it is in- 
creased in acute fevers, owing to increa^^ed tissue metabolism, and in 
diabetes^ in the latter condition st*nietimc8 to a eouBiderable degree. It 
is decreased in disea^^ics of the liver— the liver being the chief seat of the 
formation of urea — in diseases of the kidney ^ and in chronic affections 
impairing tlie vitality of the patient. 

Urea is frequently decreased in normal pregnancy; It is a common 
and undoubtedly commendable practice to examine the urine for urea at 
etated intervals during pregnancy. Unfortunately, the many different 
factors which should l>e taken into account, such as diet, exercise, and 
the condition of the g*astro-inti*stinal tract, are frequently o%Trlooked, 
and unnecessary anxiety is caused by a continued diminution in the 
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amoimt of urea excreted. In these cases too much significance should 
not be attached to the decreased amount of urea alone, but all the im- 
portant chemical tests, as well as thorough microscopical examination, 
must be resorted to before alarming the patient or her relatives. 

Urea is always held in solution and can never be found under the 
microscope %\ithout chemical means. It crystallizes in the form of color- 




FiQ. 8. — Crystai^ of Vrka (Uppkb Half) and XiTaATE of Urea (LiOWirB 
Hjo^f) ( X 200). 

less quadrilateral plates or prisms, and in needles of varying sizes. It is 
readily soluble in water and alcohol, but is insoluble in ether. Urea can 
^sily be detected as nitrate of urea by placing a few drops of urine upon 
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a glass slide, adding a drop of nitric acid, warming the slide carefully, 
and placing it aside to crystallize. Under the microscope more or less 
regular rhombic or hexagonal plates, either single or overlapping each 
other, may now be found. These plates have a little color and are per- 




Fio. 9. — DoREMUs' Ureometer. 



fectly characteristic (see Fig. 8). With oxalic acid it forms oxalate of 
urea, in the form of flat or prismatic crystals. 

Quantitative Tests. — ^The quantitative tests for determining the exact 
amount of urea present in the urine are numerous, but more or less 
complicated. The simplest is the hypobromite method, the i)rinciple of 
which depends upon the fact that, when urea comes in contact with an 
alkaline sodium-hypobromite solution, it is decomposed into nitrogen, 
carbon dioxide, and water, according to the following equation: 

CO(NH,),+3NaBrO=3NaBr+2H,0+CO,+N,. 

The carbon dioxide which develops is absorbed by the sodium hydroxide, 
while from the volume of nitrogen liberated the amount of urea can be 
calculated. 

The quickest way of carrying out this method is by means of Dore- 
mus' ureometer. The hypobromite solution necessary for this test does 
not keep well, and it is therefore best to keep the bromine and the caustic- 
soda solution separate. Have on hand a solution of sodium hydrate — 
100 gm. of caustic soda to 250 c.c. of water (or four ounces to ten of 
water) — and the bromine, in separate bottles. To pre])are the soKition 
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for immediate use, take 10 c.c. of the sodium-hydrate solution and add 
1 c.c. of bromine; mix thoroughly, dilute with equal parts of water, and 
the solution is then ready for use. A glass graduate, of a capacity of 25 
c.c, will be found the most convenient for this purpose. 

Doremus' apparatus (see Fig. 9) consists of a bulb and graduated 
tube and a small curved nipple-pipette to hold 1 c.c. of urine. The bulb 
of the ureometer is filled with the hypobromite solution, and by inclining 
the tube the long arm is filled to the bend in the bulb. By means of the 
nipple-pipette 1 c.c. of urine is drawn up, the pipette passed through the 
bulb of the ureometer as far as it will go in the bend, and the nipi)le com- 
pressed gently and steadily. The urea instantly decomposes, and the 
bubbles of nitrogen rise in the long arm of the instrument, while the dis- 
placed liquid flows into the bulb. The decomposition of urea is complete 
in ten or fifteen minutes, and the graduation on the tube indicates the 
quantity of urea in 1 c.c. of urine. Two forms of the instrument are 
furnished— one graduated to read fractions of a gram to the cubic centi- 
metre of urine, the range being from 0.01 to 0.03 gm.; to obtain the per- 
centage, multiply the number of divisions on the 
tube by 100; thus, 0.02 gm. to the cubic centi- 
metre is two ))er cent of urea. The other form 
of the instrument is graduated' to show the 
number of grains of urea per fiuidounce of 
urine. 

Hinds' modification of the Doremus appa- 
ratus (see Fig. 10) is more convenient and more 
accurate than the original form, as it obnates 
the use of a ])ipctte. The amount of urine is 
measured more exactly, being introduced into 
the graduated small tube and the flow con- 
trolled by the stopcock. 

For all clinical purposes the above method 
is perfectly sufficient and no other is required. 
For accurate scientific work, however, more 
elaborate methods are necessary, and of those 
the method of Morner and Sjoqvist gives the most accurate results. If 
urine is treated with a mixture of barium chloride and barium hydrate 
and then allowed to stand under alcohol-ether for twenty-four hours, 
all the nitrogenous constituents of the urine are precipitated, while the 
urea is dissolved in the alcohol-ether. The urea solution is filtered off and 
the nitrogen content of the filtrate determined by Kjeldahl's nitrogen 
method, which consists in converting all the nitrogenous constituents 
of the urine into ammonia by boiling the urine with concentrated sul- 




FiG. 10. — Hinds' Modifica- 
tion' OF Doremus' Ure- 
ometer. 
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phuric acid. The ammonia combines with the sulphuric acid to am- 
!noniiim sulphate; caustic soda is then added to liberate ammonia gSB^ 
wliieh is dlstilietl off into a known amount of sulphuric acid. The 
amount of uncombined sulphuric acid is next determined and subtracted 
from the known total. The difference equals the amount neutralized 
by ammonia, and from this factor the amoimt of urea is calculated. 
The method is too complicatetl for clinical work. 

tJric Acid^ — I'ric acid (C.H^N\Oa), like urea, is a nitrogenous prod- 
uct, alth(>u*!;li it is normaUy found in urine in small amount onh% 0,4 to 
1.2 gm. (7 to 20 grains) being the amount usimlly voided in twenty-four 
hours; the average is 0.7 giu. Like urea, the amount excreted is depeUil- 
ent upon the tliet, and under normal conditions is in direct proportion to 
the amount of urea excreted; the proportion is 1 of uric acid to 46 of 
urea. 

Uric acid is probably formed chiefly in the liver and to a small degre*^ 
in the spleen ^ but not in the kidneys, being only excreted by the kidneys. 
Recent re^^earches Wnd to show that it is deriverl from the nuclei hr, the 
chief chemical constituent of all cell nuclei; foods rich in nucleins give rise 
to the formation of uric acid. Its excretion is increased by a diet rich 
in protein matter^ especially with diminished exercise or sedentary 
habits; in acute fevers; diseases of the lungs and heart accompanied by 
dyspnoea; abdominal tumors which impede respiration; rheumatism; 
in severe blooil diseases, especially leukfrmia, in which there is a disin- 
tegration of Ihe nuclei of the blood corpuscles. Its increase in gout has 
been rendered doubtful by recent investigations, as it has been found 
that such an increase doe^ not always take place. After the adminis- 
tration of certain drugs ^ such as salicylates , lithium, and alkaline citrates, 
the elimination may also be increased. Uric acid is diminished by a 
vegetable diet; in chronic kidney diseases and other diseases in which 
the^aniount of urea Ls decreased; after the administration of different 
drugs, such as quinine, antipyrin, caffeine, iron, ami lead. 

Pure uric acid is a white, odorless substance^ feebly soluble in water, 
insoluhie in alcohol and ether, readily soluble in glycerin and alkalies. 
It is not acid in reaction when tested with litmus pai>er. It cr^'stallizes 
in urine in many different forms, almost invariably of a yellow nr yellow- 
ish-red color; the differeru^e in its api>earauce under the microscope is 
due to the degree of acidity of the urine, the concentration, the amount 
of pigments, the temi>erature, an*l the rapidity of the process of crystal- 
lization. 

Under ordinary circumstances uric aciti does not appear in the urine 
in a free condition, but always in comlnnation with bases, such aij ,^odium 
and ammonium, in the form of urates; of these bases, some are acid. 
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others neutral. When the urine is concenlraled from want of a solvent, 

or when poor in mineral salts which also act as solvents, or when pig- 
ments are deficient, precipitation occurs promptly ui>on cooling of the 
urine, and this also takes place when the urine is highly aeid ; the acidity 
is quickly neutralized by the bases of the urates, thereby liberating the 
aeitl. The mixed precipitate in the urine is alwaj^ colored by uroery- 
thrin; the free acid most, the ammoniimi urate about as much, the 
soiliuni urate less. The sodium urate occurs in characteristic granuiar 
masses, having the ajjpeamiice of nios^; the amjiaoniuni urate as globu- 
lar formations, at times with variously sized spicules. For the reasons 
stated above, tlie amount of uric acid in the urine should not be consid- 
ered excessive from the fact of a de|iosit forming ujx^n cooling, as such a 
deposit may occur when the amount is small, and a true increase can Ik? 
I detected only by quantitative tests. 

The detection of uric acid is easy with the aid of the microscope, 
D\iing to the characteristic lozenge-shaped, rhomboidab wedge- or whet^ 
stone-shapedi harrel-shape<b and comb-shaped, yellowish crj'stals. The 
urates can also be easily distinguished under the microseojie, 

A simi>le test in the mureiide test: A small portion of the sediment, 
or the residue after evajioration , Ls placed on a porcelain dish, a few tlrops 
of a strong solution of nitric acitl are added, and the solution is carefully 
warmed. When dry, a few drops of ammonia are added, and a beauti- 
ful purple color at once a|)]iears, which sfxin spreads over the dish, and 
changes into A-iolet ujion the addition of caustic potash. The color dis- 
appears uiTon warming. 

In this test dloxan is formed by the addition of nitric acid to uric 
acid or urates, and, liy continuing the addition of nitric acid, alloxantin 
fonm; this combines with ammonia to fonn acid ammonium puqjurate, 
C,H„NpO., also called murexide. 

For a €|uantitative ^timation of uric acid the method of Hmniz can 
be used: To 200 c.c. of fiUerefl urine free from albumin add 10 c,c. of 
concentrated hydrochloric acid; allow to stand for twenty-four to thirty- 
six hours in a cool place; collect the preci|>itated uric-acid crj'stals on a 
previously weighed filter and wash in cold distilled water. Dry the filter 
anfl uric-acid crystals in a desiccator and weigh. By subtracting the 
weight of the filter, the weight of the uric acid in 204) c,c, of urine is ob- 
tained, 

Purin Bodies,— The term pmin bodies, or alloxuric bases, is a collec- 
tive name use<l for a group of bodies, which are derived from nuclei ns and 
found in urine. To this group belong uric acid, xanthin, methylxanthin, 
heteroxanthin^ hypoxanthin, ]>araxanthin, adenin, guanin, epiguanin, anti 
camin. The most important of these substances next t-o uric acid is 



26 



VEIKAEY ANALYSIS JJfD DIAGNOSIS. 



xanthin. With the exception of xmc acid, all its membei^ are basic. 
The relation between thetie bodies is a close one, and the differences be- 
tween them but small AH originate in the theoretical pimn '* nucleiis, ** 
of the formula C^N^j which yields punn by the addition of four atoms of 
H =C\N^Ht- Purin phis one atom 0=hypoxanthin^ plus 0^,= xanthin^ 
plus 0^1= uric acid, which is therefore best named tri-oxy-purin. If the 
amido group (NH J replaces one H in purin, amidopnrin or adenin results^ 
and this body plus 0=guanin. 

There are two varietie.^ of purin bodies in the urine; the one v^ariety; 
known as ^' exogenous," ib derived from the food and varies accoriling to 
the character and amount of food taken, while the other variety » known 
as "endogenous/' is derived from the decomposition of the nucieiiLs of 
the tissue cells. These bases are found in tlie urine in minute amount 
o n\y . Path ol o^ c al 1 y th ey are i n creased in nephritis ^ 1 eukiemia ^ and aeu te 
yellow atrophy of the liver. 

Xanthint the mc^t im|x>rtaiit substance of this group, is chemically 
closely allied to uric acid, containing; one atom less of oxj^gen {C^H^N^O^^) 
than uric acid. It cr\'stal!izes in the form of small colorless, lozenge- 
shaped crj'stals or hexagonal plates, and differs from uric acid by its solu- 
bilit}' in ammonia and h>'drochloric acid as well as by heat. After the 
atldition of acetic acid under the cover glass the crj^stals retain their form, 
Creatiniii, — Crealimn (C^H^NjO) is a normal constituent of urine, 
being excretcfi in small amount, from 0.6 to t .2 gm. in twenty-four hours. 
It, as well as creatin (C^H^NjO^) , which is occasionally found in normal 
urine, is derived from muscle tissue of the body and from meat taken as 
ff>od^ so that its amount is largely dependent upon tlie diet. Muscular 
activity inereai^es the excretion of creatinin. Pathologically it is in- 
creased in acute diseases, such as typhoid fever and pneumonia, also in 
diabetes, and is diminished in conditions of wasting. 

The simplest test Ls jaffe's method ^ which consists in treating the urine 
with a few drops of a ten i^er cent picric-acid and a ten |ier cent sodium- 
hydrate solution; if appreciable quantities of creatinin are present, the 
liquid at once turns red, which color remaiiis for some time. 

Hippuric Acid. — fJippuric amd (C^^H^NOa), normally present in urine 
in small amounts otily, is increase<l after the ingestion of <lifferent fruits, 
such as cranberries, plums, and jinines, as we!l as after the administration 
of different drugg, such as benzoic acith salicylic acid, einnamic acid, and 
oil of bitter almonds. Meat diet diminishes its excretion, and it is quite 
abundant in the urine of herliivorous, absent in that of carnivorous, ani* 
mals. Pathologically it is increased in intestinal putrefaction and in 
fevers, but its clinical significance is small. It is formed by a union of 
benzoic acid and glycocoll hi the kidney and intestines. 
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Hippiiric acid may be detected by boiling the urine with concentrated 
nitric acid and evaporating to dryness. The residue heated in the test 
tube gives the odor of bitter almonds, due to nitrobenzol. 

Ethereal Sulphates. — The important substances of this group are 
phenol, cresol, pyrocatechin, indol, and skatol. These bodies, as a rule, 
appear in the urine as the sodium or potassium salts of the ethereal sul- 
phates. Indol and skatol arc not eliminated as indol- or skatol-sulphuric 
acid, but undergo preliminary oxidation to indoxyl and skatoxyl, appear- 
ing in the urine as the sodium or potassium salts of indoxyl-sulphuric 
acid (indican) and of skatoxyl-sulphuric acid. The ethereal sulphates 
are products of decomposition, and the amount normally excreted in the 
urine varies with the extent of putrefaction in the intestines, as well as 
according to the character of the food. Their proportion to that of the 
total sulphates of the urine is about one to ten. They are increased 
whenever putrefactive processes exist in any part of the body, such as 
putrid pus cavities and gangrenous tissues ; their amount is proportional 
to the severity of the putrefaction, being increased by the retention and 
diminished by the discharge of putrid matter. They are also increased 
after the use of certain drugs, such as carbolic acid and lysol, internally 
or externally. 

Phenol and cresol may be detected in the urine by adding strong nitric 
acid and boiling, when an odor of bitter almonds will develop. After 
cooling, add bromine water; a yellow crystalline precipitate of tribrom- 
phenol appears upon standing. If a portion of the original test is ren- 
dered strongly alkaline by the addition of sodium hydrate, an orange-red 
color is observed, due to the formation of sodium nitro-phenol. 

Coloring Matters. — Normal urine contains a number of coloring mat- 
ters as well as so-called chromogenSj which, though colorless, readily be- 
come colored by oxidation. 

Urochrome is the yellow pigment which gives the normal amber color 
to the urine. It can be Isolated as a brown, easily soluble powder, giving 
yellow solutions in water and alcohol. It is precipitated by different 
acids. 

Hcematoporphyrin is present in minute quantities in normal urine ; its 
exact source and mode of formation are unknown. It Is increased in 
Addison's disease, rheumatism and gout, lead-])oisoning, and paroxysmal 
hsemoglobinuria, also after prolonged use of sul phonal and trional or in 
acute poisoning with these drugs. Urine containing larger quantities of 
ha?matoporphyrin has a dark wine-red, bluish-red, or even almost black 
color. 

Uroerythrinj the ])igment that gives the ])ink color to urate deposits, 
is of no practical importance, while urohoewatin is a derivative of 
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hipmoglobin and is probably derived from the disintegration of haemo- 
globin. 

Urobilin is not usually present in freshly M^ded urine, but a small 
quantity goon forms on standing from oxidation of tirobiliuogen, a cbro- 
mogcn, whiL'h is present in frt^sh urine. It is formetl by the reduring 
action of putrefactive intestinal bacteria on the bile pigments, and is 
greatly increased in diseases accompanied by marked destniction of red 
blooil corpuscles or extravasation of blood into the tissues, such as ]wt- 
nieiouB anaemia, purpura, scurvy, cerebral aimplexy, and hemorrhagic 
infarcts. It is also increased in many febrile diseases, septic conditioi^, 
acute articular rheumatism, pneumonia, malaria, scarlet fever, diseases 
of the liver and bile ducts, as well as in leail colic > and has been found 
after a<.lministratiDn of antipyrin and antifebrin. 

Detection of urobilin: Fill a test tulje three-quarters with urine and 
add one drop of hydrochloric acid and 5 c.e. of amy I alcohoL Shake 
gently a few timeSi allow to stand a few minutes, pipette off layer of 
alcohol into another t^t tube, dilute with two volumes ninety-five ])er 
cent ethyl alcohol, add one drop of ammonia water to neutralize the acid 
added at first, and 1 c.c, five [ler cent alcoholic solution of zinc chloride. 
Filter off any precipitate of zinc hydroxide and observe a green fluores- 
cence of the filtrate in the presence of urobilin, destroyed by the slightest 
trace of aeid. 

Of other organic constituents of normal urine, oxnlic acid may be 
mentioneth It is present in very small quantities, but is increased 
whenever there is an interference with oxidation in the body, being found 
in diseases of the heart, lungs, anil liver^ as well as in diabetes. It usually 
occurs in the form of calcium oxalate, a salt which ci^'stallizes and is de- 
posited ill the urinary sediment when it is present in excess. The signifi- 
canee of oxaluria is discussed in the chapter on cr}^*stalline and amorphous 
seiliments. 

B, INORGANIC. j 

The diief inorganic constituents of urine pre the chlorides^ phosphates, 
and sulphates which occur in combination with potassium, sodium, am- 
monium, calcium, and magnesium. In addition to these there are small 
amounts of carbonates and minute quantities of iron, fluorin, silicic add^ 
and free gasc^, including nitrogen, carbonic acid, and traces of oxygen. 
The total amount of inorganic substances excreted in twenty- four hours 
is between 12 and 27 gm, 

CMorides.— Next to urea, the chlorides are the clnVf solid constitu- 
ents of the urine. The most important and most almndant of the chlo- 
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rides is chloride of Esodiiuii, but small cutantities of chloride of potassium 
and amnioniiim am also fyresent. The amount of the chlorides voided 
varies considerably with the diet^ being derived from the food* and they 
are most abundant when a large amount of salt^^ food is ingested. The 
average ijuantity voided is between 10 and 16 gm. {2\ to 4 drachms) in 
twenty-four hours; a milk diet considerably reduces this amount, ^vhile 
an abundance of salty food may increase it to 30 or 40 gm. In starva- 
tion the chlorities almost entirely disappear from the urine. When 
starvation h follow^ed by feeding, they do not appear again until the 
system has reabsorbed the amoimt voided when starvation l>egan. 

The excretion of chlorides is dimini.shed in all febrile conditions, 
especially in those in which a serous exudate is formecL In pneumonia 
their excretion is greatly reduced diiritig the florid stages of the disease* 
but rapitlly increases when the exudate becomes absorbed and conval^ 
cence sets in. The chlorides are also diminished in diarrhcra and may 
siiik to a minimum in severe gastric disorders, such as ulcer and cancer, 
in which very little food is taken. In chronic diseases accompanied by 
cederoa^ such as chronic nephritis, the chlorides are considerably dlmin- 
ishecl, and if the fluid is absorbeil they gradually rise. In nephritis the 
chloride excretion usually fohows the same course as the urea excretion. 
The chlorides are increasetl during active exercise and, as a rule, in flia- 
betes, both mellitus and insipidus. 

The chlorides may be detected by treating the urine w^th nitric acid 
and adding a solution of nitrate of silver; a cheesy precipitate, soluble in 
ammonia, shows the presence of chlorides. A test of the approximate 
amount of chlorides present may be made with this method ^ as follows: 
To a small amount of urine in a test tube add a few drops of nitric acid, 
and to this one or two drops of a nitrate-of-silver solution, one part to 
eight. If a white, flaky precipitate is formed, which quickly sinks to the 
bottom of the test tube without diffusing through the urine, the chlorides 
are present in normal amount (from one-half to one per cent). If a sim- 
ple cloudiness appears, readily diffusing through the urine \rithout the 
appearance of flakes, the chlorides are diminished to one-tenth per cent; 
and if no precipitate whatever is formed, they are entirely absent. If 
more than a trace of albimiin is present it should be removetl by heat 
before apphing this test, as albuminate of silver forms and interferes 
with the reaction. 

For quantitative estimation Mohr's titration method with silver ni- 
trate can be used. The solutions required are: 

1. Standard nitrate-of-silver solution: Dissolve 29,075 gm, of fused 
nitrate of silver in 1,000 c.c. of distilled w^ater; 1 c,c, of this solution is 
equal to 0.0 1 of sodium chloride. 
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2, A saturated water>' solution of neutral pota^ium chromatei made 
by dissohing one part of the salt in five parts of water. 

Take 10 C.C, of urine; dilute with 50 c.c, of distilled water; add S to 
10 drop?3 of potassium-chromate solution ; to this mixtiire add the stand- 
ard sil%*er soKition drop by drop from a burette. The chlorine com- 
bines with the silver to form a silver chloride ia the fomi of a white pre- 
cipitate. When all the chlorine is precipitated, silver chromate, red in 
coloFi forms, and the silver- nitrate solution must be added until a pink 
tin^ appeam. The number of cubic centimetres of silver solution used, 
multiplietl by 0.01, will give the amount of chlorides in 10 ex, of urine, 
from which the total for twenty- four hours is calculated. 

Phosphates. — Phosphates are found in the urine as salts of sodium, 
potassium f calfium, and magnesium. The combinations of phosphoric 
acid with sodmm and potassium constitute the alkali-]>hosphates; the 
combinations with calcium antt magnesium the earthy phosphates. The 
phosphoric-acid excretion is usually expressed in terms of P.,0^; that is, 
phosphoric-acid anhydride ; and the amount voided in twenty-four hours 
varies from 2.3 to 5 gm., the average bein^ 3.5 gm. (less than one drachm). 
Of this amount about two*tliirds is in combination with sodium and po- 
tassium (sixty per cent of which ie acid sochum phosphate), and one*third 
in combination with calcium and magnesium. A minute amount is pres- 
ent as glycero- phosphoric aciiL 

The alkah- phosphates are soluble in water and acids, while the earthy 
phosphates are insoluble in water and are held in solution in acid urine, 
but are precipitated in alkaline urine, forming a sediment more marked 
if heat be appUed. On heating a shgluly acid, neutral, or alkaline urine^ 
a precipitate forms, which may be mistaken for albumin; from this it 
may be easily distinguished by the addition of tw-o or three drops of an 
acid, such as acetic or ttitricj w^hich quickly dissolves the earthy phos- 
phates. If the magnesium phosphate \ye acted ufion Ijy lunmonia, the 
ammonio-magnesium phosphate — so-called trijile ijhosphate^is formed. 

The jihosphates in the uruie are derived partly from the food, partly 
from the decomposition of organic substances containing phosphorus^ 
such as nucleiii and lecithin; they are more abimdant after a vegetable 
diet and after drinking phosphatic waters. A continued increase in the 
total amount of phosphates in the urine is spoken of m phosphaturia* 
A diagnosis of this condition is usually based upon the presence in the 
urine of a dense deposit of phosphates; analyses of many of these cases, 
however, do not show an increaseil amount of phosphoric acid, but 
merely a diminisheiil acidity of the urine, and the diagnosis of phosphate 
uria should not be applied to them. 

The amount of phosphates excrete<l in the urine is increasetl in dia- 
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betes mellitus, in diseases of the bone, such as osteomalacia and rachitis, 
and diseases of the nerve centres. It is diminished in severe diseases of 
the kidney and in a variety of acute infections. 

The earthy phosphates may be detected by rendering the urine 
strongly alkaline with ammonia or caustic potash and gently heating, 
which causes their precipitation in the form of a whitish cloud of feathery 
flakes that settles to the bpttom of the test tube. The precipitate is 
dissolved on the addition of acetic acid. To detect the alkali-phos- 
phates, remove the earthy phosphates by precipitation and filter. To a 
given quantity of the filtrate add one-third the quantity of magnesian 
fluid (1 part each of magnesium sulphate and ammoniunx chloride, 8 
parts of distilled water, and 1 part of liquor ammonia?). The alkali- 
phosphates are precipitated in the form of a snow-white deposit. If the 
entire fluid presents a milk-like, cloudy appearance, the alkali-phosphates 
are present in normal amount ; if it Ls denser and more cream-like, there 
is an increase; but if the fluid is only slightly cloudy or remains trans- 
parent, the phosphates are diminished. 

To estimate the amount of total phosphoric acid in the urine, the fol- 
lowing method Ls the best: The solutions required are: 

1. A standard solution of uranium nitrate, consisting of 35.5 gm. of 
the salt to 1,000 c.c. of distilled water; 1 c.c. corresponds to 5 mgm. of 
phosphoric anhydride. 

2. Sodium-acetate solution, 100 gm. of sodium acetate being dissolved 
in 900 c.c. of water, and to this mixture 100 c.c. of a thirty per cent solu- 
tion of acetic acid being added. 

3. A saturated solution of potassium ferrocyanide, to be used as an 
indicator. 

To 50 c.c. of the urine in a glass beaker add 5 c.c. of the sodium- 
acetate solution. Heat over a water bath and add the uranium solution 
drop by drop, as long as a precipitate forms or until a drop of the mixt- 
ure, placed upon a porcelain plate, gives a distinct brown color with a 
drop of potassium ferrocyanide. The number of cubic centimetres of 
the uranium solution is then read off and multiplied by 0.005 (5 mgm.), 
which gives the amount of phosphoric acid in 50 c.c. of urine; from this 
the quantity in twenty-four hours is calculated. The end reaction, 
shown by the brown color on the porcelain dish, takes place when the 
uranium solution has precipitated all the phosphoric acid and is present 
in excess. 

Sulphates. — The sulphates occurring in the urine are of two kinds: 
first, the sulphates of sodium and potassium, the former predominating, 
known as preformed sulphates; second, the ethereal sulphates, also 
known as aromatic or conjugate sulphates. The first form ninety per 
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cent, the second ten per cent, of the sulphates. The quantity excreted 
b}' the kidneys varic?s from 1.5 to 3 gm. (23 to 45 grains) in twenty-four 
hours. Sulphates are extremely soluble and are never met ^ith in the 
form of dejXJsits, excepting calcium siilphate. They are derived partly 
from the food and partly from the decom|x>sition of proteitls in the tis- 
sues. The total quantity bears a fairly constant relation to total nitro- 
gen, being one to five. 

An increased excretion of sulphate? takes place after a meat diet and 
as a result of active exercise ; this is also the case in acute fevei^ %vith an 
increased excretion of urea. After taking sulphuric acid or suphates ! 
and after the inhalation of oxygen, they are hke^ise increased. iSul- 
phates are diminished after a strictly vegetable diet. 

Sulphates may be detected by adding to a given quantity of urine in 
a test tube one-third as much of an acidulated solution of bariiun chloride i 
(4 parts of barium chloride, 16 parts of distilled water, 1 jiart of concen* 
trated hydrochloric acid). An opaque, milky cloudiness will appear 
when the amount of the sulphates is normab If the opacity is intense 
and the mixture has the appearance of cream, the sulphates are increase<l ; 
but if there is only a slight cloudiness, tijey are dimiTjished. 

To estimate the amount of total su^jhates the volumetric method 
may be employeti The following solutions are required: 

L A standard solution of barium chloride, made by dissolving 30.54 
gm. of er>'stal]ize<l barium chlori<ie in 1,{KM) c,c. of distilled water; 1 e.c» 
of tliis solution corresponds to 0.01 gm. of sulphuric-acid anhvdride 
(SO,). 

2. A solution of potassium sulphate, containing 2L778 gm. of the 
salt in 1 ,000 c.c. of water. 

3. Pure hydrochloric acid. 

One hundred cid^ic centimetres of urine are rendered acid by the addi- 
tion of 5 to 10 c.c. of hydrochloric acid and heated to boiling in a flask. 
The barium-chloride solution is allowed to drofj into the mixture as long 
as any preci[)rtate occurs, the mixture Ijeing heated before each addition 
of the barium solution. After adding r> to ^ c.c. of the solution, allow 
the precipitate to settle; filter a small portion of the mixture and add a 
few drops of the standard solution. If any precipitate occurs, return the 
whole to the flask, add more barium solution, and test as before, until no 
more pret*ipitate is formed on the addition of barium chloride. An ex- 
cess of the latter should lie avoided. 

If only a trace of excess is ]) resent, a drop of the clear fluid removed 
from the flask gives a cloudiness with a drop of ix^tassium-sulphate solu- 
tion placed on a glass plate over a black background. If more than a 
cloudiness appears, too much barium chloride has been ailtled, and the 
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test must be repeated. From the amount of barium ehloride usedj the 
percentage of sulphurie acid in the urine is calculated, 1 c.c. of barium- 
chlonLle solution corresponding to 0,01 gm. of SOj* 

Carbonates. — In urine of an alkaline reaction minute quantities of 
carbonate and bicarbonate of ammonium, ctileium, sodium, and mag- 
nesium are jireseiit, Ab a result of alkaline decom[)osition of the urine, 
ammonium carbonate may be found in targe quantities. The carbonates 
are derived from the fooil, especially from vegetable acids, and may lje 
considerably increased after drinking alkaline mineral waters. An ex- 
cess of carbonates renders the urine turbid when passed^ or it becomes so 
upon standing, and upon sedimentation the precipitate is that of calcium 
carbouate, usually associated with phosphate. 

The presence of carbonates in the urine is detected by the evolution 
of gas, upon the addition of a few drops of an acid, such as acetic or nitric. 

Other inorganic constituents, such as iron, silicic acid, fluorin, and 
hydrogen dioxitle, occur in normal urine in traces only, and are of no 

clinical importance. 



Centrifugal A^jalysts. 

Centrifugal Annlpsis, — ^A number of years ago Purdy introduced his 
method of ceiitrifugal analysis for the ready approximate determination 
of bulk percentages of chlorides, phasphates and sulphates, and albumin. 
This method, for Vihich a simple, single-speed centrifuge mth a gradu- 
ated setiimentation tube is sufficient^ may be used for a rapid determina- 
tion of bulk percentages and for an ^timation of the presence of normal » 
increasetl, or diminishetl amounts of chlorides, phosphates, and sulphates. 
The handle of the instriunent is rotated at a uniform si>eed of sixty turns 
per minute for three minutes. 

Estimation of chlorides: Fill graduated tube to the 10-cx> mark with 
fresh urine; add 15 to 20 drops of strong nitric acid to prevent preciijita- 
tion of phosphates, and fill tube to the 15-c,c. mark with silver- nit rate 
solution (1 part to 8 of water). The ungraduated tulie may be filled 
with water or urine. Mix the contents thoroughly and centrifugalize 
for three minutes, after which the quantity of bulk f>ercentage is read off 
on the scale of the tube* The normal bulk percentage of silver chloride 
ranges from ten to twelve |>er cent. Each one-tenth of a cubic centi- 
metre of the precipitate calculated as chlorine is equivalent to 0J23 per 
cent by weight. 

Estimation of phosphates: Fill graduated tube to the 10-c.c. mark 
with urine; add 2 cc. 50 per cent acetic acid and 3 c,c, uranium- 
S 
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nitrate solution (5 per cent). Mix contents thoroughly and centrifugal- 
ize for three minutes. The normal bulk percentage of uranyl phosphate 
is eight to ten per cent. Each one-tenth of a cubic centimetre of pre- 
cipitate calculated as phosphoric acid is equivalent to 0.0225 per cent by 
weight. 

Estimation of sulphates: Fill graduated tube to the 10-c.c. mark with 
urine; add 5 c.c. barium-chloride solution (see page 32). Mix thoroughly 
and centrifugalize for three minutes. The normal bulk percentage of 
barium sulphate is about 0.8 per cent. 



CHAPTER V. 

ALBUMINOUS SUBSTANCES. 

The term albuminous substances or proteids includes a group of 
substances related to each other though differing in constitution and 
properties. The following proteids may be found in the urine: serum- 
albumin, serum-globuUn, nucleo-albumin, albumoses and peptone, hamo- 
, globin, fibrin, and rarely histon and nucleo-histon, which latter are de- 
rivatives of the cell nuclei. 

The chief clinical interest centres in senim-albumin, which is fre- 
quently combined with serum-globuUn, and by the term albuminuria the 
presence of these bodies in the urine, without regard to the possibility of 
the presence of other proteids, is usually meant. 

Albuminuria. — The presence of albumin in any appreciable amount 
must always be regarded as a pathological phenomenon, although minute 
quantities, which escape detection by the ordinary clinical tests, are 
present in some normal urines. The detection of albumin in the urine 
does not necessarily signify the presence of a renal trouble, but it may be 
due to a variety of causes. Even a comparatively large amount may 
exist without any kidney lesion whatever, and it is a grave mistake to 
conclude that a nephritis must exist because albumin has been found. 
Although in the larger number of cases in which albumin is found a 
nephritis is present, a microscoj^ical examination must invariably be 
made to determine, if possible, the exact source of the albumin; and 
only if pus corpuscles and kidney epithelia, with or without the presence 
of casts, are found, a diagnosis of a nephritis is justified. 

On the other hand, a nephritis may exist and yet albumin be found 
in such minute quantities as occasionally to escai)e detection altogether. 
This is sometimes the case in cirrhosis of the kidney, where a large amount 
of albumin is rarely seen, and it may he entirely absent for a few hours. 
In such cases the urine of the entire twenty-four hours should be tested 
before concluding as to the presence of albumin. 

In all cases where pus corpuscles in moderate numbers are found in 
the urine, albumin may always be detected, if careful tests are made, 
though there may be no more than a faint trace. It can thus easily be 
seen that in such widely different lesions as pyelitis, cystitis, prostatitis, 
urethritis, and vaginitis, it might be present in the urine, and a micro- 
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BCQpical examination will be necessarj^ to determine its origin. In hein- 
orrhage from any portion of the genito-urinary tract, a considerable 
amount of albumin is usually found. The rare cases of chyluria, in 
which the kidney may be perfectly intact, are always associated ^ith 
the presence of a large amount of albumin. These cases of extrarenal 
albuminuria are known as pseiido-^ or acddenial albuminuriUj to differ- 
entiate them from renal or true albuminuria. 

Disturbances of circulation , due to a variety of causes, may bring 
about the pr^ence of albumin without any structural changes in 
the kidney or any pus corpuscles in the urine. Such cases are often 
roughly iermetl functional albummurias. It is not always easy to trace 
the cause of such albuminurias, though they may be due to nothing but 
prolonged muscular exercise, to lesions of the nervous system, or to or- 
ganic heart lesions, etc. If long continued, these cases will sooner or 
later cause inflammations of the kidney. Albuminuria of pregnancy, 
due to the pressure of the pregnant uterus, is very common ^ and in many 
of these cases an organic lesion of the kidney \^ill develop. 

Some authors speak of a true physiological or functional albuminuria 
occurring only in the young, especially during the period of adolescence. 
In these cases albumin is present at certain times of the day, absent at 
other times, notably after i^eriods of rest; that is, the albuminuria is 
cyclic. 

Changes in the composition of the blood with a broken-down constitu- 
tion, as seen in anamiia, tuberculosis, malaria, leukaemia, pya>mia, etc., 
when no lesions of the kidney can be discovered, vn\l cause the apj^earance 
of albumin ; and this may also be the case in any other febrile condition. 
The effect of certain poisons ufx)n the blood, such as strychnine, pilo- 
car|jine, phosphorus, arsenic, lead, potassium chlorate, iodine, alcohol, 
and toxins, may cause the api>earauce of albumin in the urine. 

Before resorting to chemical tests for the detection of albunain in the 
urine, it is achiBable to have the urine as clear as possible, as a cloudy 
sample renden! the detection of small quantities of albumin difficult. In 
many cases a simple filtration through a double layer of filter paper is 
sufficient. Where this does not suffice, the urine should Ix? centrifugal- 
isied and then filtered, if necessaiy% a number of times. If the urine is 
very cloudy, filtration tlirough a tight plug of fine asbestos filtering fibre 
may clear it up completely. Treating the urine vdih tlifferent agents, 
such as magnesium oxide or talcum, ts not ad\'iBable, as experiments 
have shown Ihat thereby, not only traces, but even considerable quan- 
tities of albumin may be removei^l. 

Detection of Albumin in Urine,—!. He.\t Test with Acetic Acid. 
— ^The tests for albumin are quite numerous, but one of the most reliable 
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is the following: Fill an ordinar>' test tube about one-fourth or one-third 
full of urine and boil thoroughly ; then add two or three drops of a solu- 
tion composed of equal parts of glacial acetic acid and water. If albu- 
min is present the urine becomes cloudy, the cloudiness being the more 
pronounced the larger the amount of albumin. 

The unboiled urine, as brought for examination, is either transparent 
or cloudy. When the urine is boiled the results may be the following: 

(a) The urine is transparent, and upon boiling remains unchanged. 
This indicates normal urine. 

(6) The urine is transparent, but after boiling becomes cloudy. By 
adding a few drops of acetic acid it clears up entirely. This shows the 
presence of an increased amount of phosphates. If effervescence occurs 
upon the addition of the acid, either calcium carbonate or ammonium 
carbonate (the latter being always held in solution, and never precipi- 
tated so as to be found under the microscope) is present. 

(c) The urine is transparent, but after boiling becomes cloudy, and 
the cloudiness remains or becomes more pronounced upon the addition 
of the acid. This indicates the presence of albumin^ which, in larger 
quantities, will be thrown down in flakes; when very abundant, the 
urine may be converted into a jelly-Uke mass. The acetic-acid test wall 
show the presence of the smallest traces of albumin, though these may 
escape detection if not carefully observed. The best plan in such cases 
is to take a second test tube and pour into it unboiled urine; then com- 
pare the two test tubes by holding them against a dark background. 
When this is done, the faintest trace of albumin can be detected by the 
slight cloudiness in the test tube containing the boiled urine. 

(d) The urine is cloudy, but upon boiling clears up entirely and re- 
mains clear upon the addition of the acid. This indicates an excess of 
urates^ especially sodium urate. 

(e) The urine is cloudy, the cloudiness disappears upon warming, but 
reappears and becomes more pronounced upon boiling and the addition 
of the acid. This shows an excess of urates, in addition to the presence of 
albumin. 

(J) The urine is cloudy, and remains unchanged by boiling and by 
the addition of acetic acid. This proves the presence of micro-organism s, 
such as micrococci and bacilli. 

As nucleo-albumin and mucin are also precipitated by this test, 
Purdy recommends the following method for ]^erforming it: Have on 
hand a saturated aqueous solution of sodium chloride. Fill a clean test 
tube about two-thirds full of the previously filtered urine, and add to 
this about one-sixth of its volume of the sodium-chloride solution. Next 
add five to ten drops of acetic acid (fifty per cent) and gently heat the 
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upper inch or so of the contents of the test tube for about half a minute. 
If albumin be present, even in the minutest traces, it will appear in the 
upper, boiled portion of the test tube if examined in good light. For all 
practical purposes, however, the original test, as given above, is perfectly 
sufficient and is undoubtedly more accurate and sensitive than the nitric- 
acid test. 

2. Heat Test with Nitric Acid. — A common test for albumin is the 
nitric-acid test, the urine being boiled and a few drops of nitric acid 
added. This test is not as reliable as the preceding, since, if a small 
amount only of albumin be present and the acid added be in excess, the 
albumin may become redissolved. On the other hand, if the amount of 
acid added is small and the phosphates are present in excess, a part only 
of the basic phosphates will be acidified and a soluble albuminate will be 
formed, which remains in solution. 

3. Heller's Test. — Another frequently employed test, known sim- 
ply as "the nitric-acid test,'' is used as follows: Place a small quantity 
of pure nitric acid in a test tube and allow an equal amount of clear, 
previously filtered urine to trickle from a pipette down the side of the 
inclined tube, so that the urine overlies the acid. If albumin is present, 
a distinct, sharp, white zone will appear at the point of contact between 
the acid and the urine, varying in thickness according to the amount of 
albumin present and according to the rapidity with which the urine is 
dropi)ed into the tube. If only a trace of albumin be present, a number 
of minutes may elapse before the zone becomes visible. 

This test can also be performed by first pouring the urine into the 
test tube and then allowing the nitric acid to flow down the sides of the 
tube; the acid, being heavier than the urine, will form a separate layer 
below the urine. 

Other substances in the urine may give rise to the formation of a 
nitric-acid ring, and if care is not taken will be mistaken for the zone 
caused by the presence of albumin. Thus in concentrated urines urates 
may form a zone, which, however, does not appear at the point of con- 
tact between the acid and the urine, but above the point of contact, and 
spreads downward ; it will disa]^i)ear on heating. Uric acid and urea, if 
j)resent in large amounts, may 1^ precijntated, but are recognized by 
their crystalline nature. Mucin is also ]>recipitated, but is dissolved by 
the excess of nitric acid at the point of contact. Nucleo-albumin and 
albumoses are likewise precipitated; the former gives a fainter ring than 
albumin, which is above the point of contact, while the ring formed by 
the latter disappears on heating and reappears on cooling. 

4. PoTASsiuM-FERROCYANiDE Test. — To 10 c.c. of prcviously fil- 
tered urine add five drops of strong acetic acid. If a precipitate appears, 
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it is due to nucleo-albumin or mucin and should be filtered ofT. Then 
add a few drops of a five to ten per cent potassium-ferrocyanide solu- 
tion. If a small amount of albumin be present, a faint cloudiness at 
once appears; if a larger amount be present, a flocculent precipitate 
forms at once. Albumose also gives a cloudiness, which, however, disap- 
pears upon heating. 

5. Spiegler's Test. — This test, as modified by JoUes, consists in 
adding to 4 or 5 c.c. of previously filtered urine 1 c.c. of a thirty per cent 
acetic-acid solution and 4 c.c. of the reagent. The latter is composed of 
10 gm. mercuric chloride, 20 gm. succinic acid, and 20 gm. sodium chlo- 
ride, in 500 c.c. of water. In adding the solutions care must be taken 
that they are not mixed with each other, but layered over each other. 
If albumin be present, a distinct, sharp, white zone, which is especially 
plain on holding the test tube against a dark background, at once ap- 
pears. 

6. SuLPHO-SALiCYLic-ACiD Test. — Add two Or three drops of a 
twenty per cent watery solution of sulpho-salicylic acid or a few small 
crystals of the acid to 4 or 5 c.Cj. of urine in a test tube, and mix thor- 
oughly. If small amounts of albumin are present, an opalescent cloudi- 
ness appears; if larger amounts are present, a pronounced turbidity or 
heavy precipitate forms. Albumose is also precipitated by this test, but 
<lisappears on heating, to reappear on cooling. 

7. Biuret Reaction. — ^The urine is first treated with a ten per cent 
solution of sodium or potassium hydrate, and then a ten per cent solution 
of cupric sulphate is added drop by drop. If senmi-albumin and globu- 
lin alone are present, the liquid turns pure violet; if albumoses and jDep- 
tone alone are present, it turns rose; if several of the albumins are pres- 
ent together, the urine assumes tints intermediate between violet and 
rose. Care should be taken not to add too much cupric sulphate, since 
if the urine contains only small amounts of albumin, the color of the 
copper solution will cover the color of the biuret reaction. 

8. Picric-acid Test. — To a given amount of previously filtered 
urine in a test tube add an equal amount of a saturated solution of picric 
acid. If albumin is present, a precipitate forms, var\dng from a light 
cloud to heav>' flakes, according to the amount of albumin. This test Is 
delicate, but precipitates other substances besides serum-albumin, which, 
however, will disappear on heating. 

For performing a number of the above-described tests, but more 
especially Heller's test, a small glass instniment, known as the horis- 
mascope (see Fig. 11), can conveniently be used. The urine to bo tested 
is poured into the large tube, and the reagent into the small tube. The 
reagent, being of higher specific gravity than the urine, flows down the 
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capillary tube and forms a layer under the urine. The slightest opacity 
at the contact point of the two fluids m ea^sily seen against a black back- 
ground. 

Numerous tests besides these here gi\'en have been described and 
have found their adherents. Few authors will agree as to the most reli- 
able test for albumin, some preferring the more delicate tests, such as 
Hpiegler's and the sulpho-salicylic-acid tests, others Heller's and the 
ferrocyanide tests, still others the heat tests. For all practical pnrposes, 
the first test given^ — the heat and acetic-acid t€^t^ — is perhaps the most 
reUable, If doubt remains as to the presence of albmnin, any of the 
other tests described vdW clear up the question. 

Quantitative Tests for Albumin. — It is of the utmost importance to 
have an approximate idea of the quantity of albumin present in any 
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pven case, and too many errors are constantly made in this respect. It 
is by no means rare to hear of a urine containing twenty-five, forty, or 
even fifty per cent of albumin. What is thereby meant is, of course, per 
volume; yet such statements are absolutely misleading. As a matter of 
fact, one-tenth of one per cent is a moderate amount of albumin, one- 
twenty-fifth of one per cent being a small amoimt; one-half of one per 
cent is a large amount^ and it is only in comparati\^ely rare caf^es that 
one per cent or more is present; more than four or five per cent is prob- 
ably never found. 

The simplest method of estimating the approximate amount of albu- 
min is by means of EsbacfCs albumitmmeler (see Fig. 12)* This instru- 
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pment oonpists of a graduated glass tube, which is filled "mth urine to the 
letter U marked upon the tuhe^ and with the test sohition to the letter 
R, The latter coa^ists of one part of j>irric acid to coagulate the albu- 
min ^ two parts of citric acid to hokl the phosphates in solution, and dis- 
tilled water to make one hundred parts. The tube is now closetl with 
the rubber stopper supplied with it, and the contents thoroughly mixed. 
It is then set aside for twenty-four hours to allow the precipitate to settle 
thoroughly, and the amount of the precipitate carefully noted. The 
tube contjuns a nimiber of main lines of division » each one of which ^g- 
nilies 1 gm. of albumin in 1 ,OtX) gm. — that is, one-tenth of one per cent. 

rU any of the instniments are only graduated for seven-tenths of one per 

"cent, and this is sufhcient for most ca^es. In those rare cases in which 
more than that amount of albimiin is present, the urine must be diluted 
with one* two, or even three parts of water before testing. It must al- 
wa3"s be borne in mind that this method can never Ix; absolutely accii- 
rate» since picric acid will also precipitate urates, peptone, and vegetable 
alkaloids; but it untloubtediy gives an approximate idea, which is all 
that is required in most cases, 

Creatinin may l^e an im|Dortant factor which causes errors in Esbach*s 
instrument. An entire precipitate has been found to be a compound of 
potassium picrate with creatinin; it was detected by macroscopical ap- 
pearance and proved by recrystalli^ation from hot water. Albumin can- 
not l>e recrystallized, and we must giianl against this possibility of r^ults 
much too large by Esbach's method. 

The centrifugal method is still more inexact, but being performed in 
a few minutes, may be employed for a rough ^timation of the amount 
of albumin. Fill the graduated tube to the 10-c,c. mark mth urine; add 
3^ ex. of a ten ymr cent potassium-ferrocyanide solution ; agitate slightly 

land ackl IJ cc. of a fifty per cent acetic-acid solution ^ after which the 
contents of the tube should be thoroughly mixed. Centrifugalize for 
three minutes or until the fluid is perfectly clear. Each di\dsion of the 
tube represents one per cent of albumin by measure, but not by weight. 
It has been found that in order to find the percentage of albumin by 
weight from this bulk measure, the latter, expressed in tenths of a cubic 
centimetre, must be divided by 6. Urines containing a ver>' large amount 
of albumin should be diluted with one, two, or three volumes of water 
and the readings multiplied by 2, 3, or 4, as the case may be. 

An approximate estimation of the amount of albumin can Ije obtained 
from the amount of precipitate in the bottom of the test tube after using 
the heat and acetic-acid test, A mere clouding is a faint trace» trace, or 
more than trace^ according to the degree of the clouding; a small but 
perceptible precipitate is one-fortieth to one-thirtieth per cent; if the 
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precipitate forms about one-twentieth of the column of urine, the amount 
of albumin is one- twentieth per cent; if it forms about one-tenth of the 
urine column, one-tenth per cent; one-quarter of the urine column, one- 
fifth to one-fourth per cent; and one-half of the urine column, two-fifths 
to one-half per cent of albumin. 

The most exact method for the determination of the amount of albu- 
min is the gravimetric method, which consists in coagulating the albumin 
either by heating or by means of chemical agents, filtering out the albu- 
min, collecting, drying, and weighing. It is too elaborate for clinical 
work. 

Besides serum albumin, the urine may contain a number of similar 
but less important substances, among which may be mentioned globulin, 
albumose, peptone, rtiucin, and fibrin. 

Globulin. — Globulin is almost always associated with serum-albumin 
in every albuminous urine, and its clinical significance is nearly identical 
with the latter. It is, however, more abundant than serum-albumin in 
many cases of acute nephritis and in chronic nephritis with waxy degen- 
eration of the kidney, also in some cases of pneumonia. 

Globulin can be detected by the method of Pohl in the following 
manner: Render the urine neutral or even slightly alkaline by the addi- 
tion of ammonium hydrate, and filter after standing one or two hours; 
then add an equal volume of a saturated solution of ammonium sulphate. 
If globulin is present, a white, flocculent precipitate forms immediately. 

Another simple method depends upon its insolubility in diluted urine. 
Dilute a certain amount of previously filtered urine with ten times the 
amount of distilled water, and a flocculent precipitate appears; this is 
hastened by the addition of one or two drops of dilute acetic or boric acid. 
Or. fill a test tube with water, and allow a few drops of the albuminous 
urine to fall k4p it. If globulin is present in any quantity, each drop of 
urine as it falls is followed by a milky streak, and after a number of drops 
Jiave been added the water assumes a milky opalescence throughout. 

Albumoses. — The term albumoses or proteoses includes a number of 
albuminous bodies which are intermediate products between albumin and 
peptone, the end-product of digested albumin. They are formed in the 
body by the action of the gastric and pancreatic juices. They are not 
coagulated by* heat, but are i)recipitated by acids, the precipitate thus 
formed being redlssolved by heat. The albumoses are divided into 
primary and secondar\'; the jmrnarj' are proto-albumose and hemi- or 
hetero-albumose; the secondar\^ are deutero-albumoses, which so closely 
resemble peptone in its reactions that they cannot always be diff^eren- 
tiated from the latter. * 
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The clinical significance of the albumoses is not yet positively known. 
They have been found in urine in a number of different conditions, such 
as ulceration of the intestines, tertiary syphilis, hemiplegia, cancer, 
double pneumonia, scarlet fever, diphtheria, muscular atrophy, and 
abscesses. 

Albumoses are detected by their solubilities and reactions. Proto- 
and deutero-albumose are soltible in hot and cold water, while hetero- 
albumose is insoluble in water; all three are soluble in ten per cent 
solutions of sodium chloride. The primary albumoses are precipitated 
by strong solutions of sodium chloride and magnesium sulphate; also by 
saturated solutions of ammonium sulphate and by cold nitric acid. Sec- 
ondary albumose is not precipitated by strong solutions of sodium chlo- 
ride and magnesium suli)hate, but is precipitated by ammonium sul- 
phate; with nitric acid it is only precipitated in the presence of an excess 
of sodium chloride. 

Another albumose, known as Bence-Jones albumose, differs from 
those just described in being coagulated by heat. It is not identical 
with the other albumoses, and its occurrence in urine is rare. It has 
been found in cases of osteomalacia and multiple sarcomata. 

Peptones. — Peptones are the final products of gastric and pancreatic 
digestion. ^They cannot always be differentiated from albumoses, since 
both hay^' many reactions in Onmion; and the term peptonuria, fre- 
quency employed, is not strictly correct, as albumoses and peptones are 
usually found together. ' 

Peptones are frequently found in many different pathological condi- 
tions. Among these ihay be mentioned croupous pneumonia, pulmonary 
tuberculosis, gangrene of the lungs, empyema, cancer (especially of the 
gastro-intestinal tract and the liver), phosphorus-poisoning, septicaemia, 
aeute yellow atrophy of the liver, typhoid fever, typhus fever, variola, 
scarlet fever, erysipelas, acute arthritis, and suppurative conditions gen- 
erally. Some authors claim that peptone is invariably present when 
pus has formed somewhere in the body, and consider it of diagnostic 
significance in cases in which the cUnical features are not sufficiently 
clear for a positive diagnosis. Thus it is considered possible to decide 
as to the presence of a purulent or a tubercular meningitis, a purulent 
or serous arthritis, an empyema or serous pleurisy, etc. Peptones 
have, however, also l>een found in physiological conditions, such as 
the involution of the pregnant uterus — so-called puerperal {>ei>- 
tonuria — so that their presence does not necessarily signify a diseased 
condition. 

Peptones are easily soluble in water, do not coagulate by heat, and 
do not precipitate by the addition of most of the reagents used for the 
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detection of albumin, such m acetic acid, mtric acid, and potassium 
ferroryanide. They are p^ecipitat«^d by taimin, potassio-mercuric io- 
dii Ip, picric acid , and phosphotungstie acid. 

They may be dctecteii by the following method : To urine which has 
been slightly acidified by acetic acid, add a saturated aolution of mag- 
nesium or ammonium sulphate, and filter out any precipitate formed, 
which may consist of albumin, p:lobulin, or the albumosas. If potassio- 
merciu*ic iodide or picric aeid is now added and a precipitate occurs, it 
consLsts of peptone. 

Another test is the following: 10 c.c, of urine are acidified with one 
or two drops of hjxlrochloric acucl, the mixture precipitated with a five 
or ten per cent solution of phosphotungstie acid, and heated. The 
supernatent fluid is poured off and the precipitate dissolved in a few 
cubic centimetres of distilled %vater to which a small amount of caustic 
soda is added. The solution is heated until it tiu^ns yellow^ After cool- 
ing, the addition of a few drops of dilute copper-sulphate solution should 
give a reddish color. 

Mucin (Nucleo-albumin).— Mucin is present in small amount in 
ever>' normal urine, being more abundant in the tirine of females, chiefly 
from the vaginal secretion. It is derived from the epithelia of the genito- 
urinary organs, and is considerably increased in inflammations of these 
organs J more especially those of the bladder, the urethra, jjrostate gland, 
and vagina. When present in large amount, the urine appears cloudy 
soon after it is voideil, and it may form a ropy, jelly-like mass, which 
sinks to the bottom of the vessel. 

To detect its presence in urine, dilute with two or three times the 
amount of water to prevent a precipitation of uric acid upon addition of 
acid. After dilution add an excess of acetic aeitK If mucin is present, 
a more or less pronounced precipitate forms* The precipitate may be 
purified by dissohdng in %vater with a small amount of caustic soda, and 
reprecipitated by acetic aeith To detect it in urine containing consider- 
able albumin, precipitate the albumin by boiling, and test again vnih 
acetic acid. Even small amounts can be readily detected with the mi- 
croscope. 

Fibrin, — Fibrin, the coagulum from blood, lymph, and exudates, is 
found in the urine in greatjer or l^s amount in hemorrhages from the 
genito-urinarv' tract due to various causes, and is also seen in chylous 
urine. In tumors of the bladderi such as papilloma and cancer, where 
hemorrhages occur frequently^ it is of common occurrence. It is usually 
present in the form of coagula when the urine is voide<i, or may be pre- 
cipitated upon standing. 

Fibrin is insoluble in w^ater, alcohol, ether, and in salt solutions, as 
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well as in weak acids and alkalies. The addition of weak acid solutions, 
such as hydrochloric acid, causes it to swell up into a gelatinous mass, 
which becomes soluble after prolonged boiling. The solutions give the 
general reactions of albmnin. It is, however, much easier to detect its 
presence by the microscope. 



CHAPTER VI. 

CARBOHYDRATES. 

A. GRAPE SUGAR. 

Grape sugar, dextrose, or glucose (C,H„OJ is the only important 
carbohydrate found in urine. There can be little doubt that the urine 
may contain small amounts of sugar under normal conditions, but the 
amount is so minute, usually less than 0.02 per cent, that a positive re- 
action is not obtained with the general methods of detecting dextrose. 

The presence of grape sugar in the urine in appreciable amounts tem- 
porarily does not necessarily signify the existence of diabetes, any more 
than the presence of albumin signifies the existence of a nephritis. After 
a diet rich in carbohydrates or the ingestion of considerable quantities 
of sweet alcoholic beverages, sugar may appear in the urine temporarily ; 
such a condition is spoken of as a physiological or alimentary glycosuria. 

Pathologically, glycosuria may appear in the urine as a temporary 
condition (transitory glycosuria) in the course of a number of diseases, 
such as Asiatic cholera, intermittent fever, affections of the heart, lungs, 
liver, brain, and spinal cord; alcoholism, gout, and tumors of the pan- 
creas. It may occur during pregnancy and in the course of acute con- 
tagious diseases, such as scarlatina. Furthermore, glycosuria may be 
present in poisoning with certain drugs, such as the alkaloids of opium, 
chloral, chloroform, amyl nitrite, caffeine, curare, and carbonic oxide; 
also after the use of large doses of th>Toid extract. 

Whenever sugar is persistently present in appreciable quantity, w^e 
always have to deal with diabetes mellitus. This disease has been ob- 
served at all ages, and large amounts of sugar may be found ; 500 gm. in 
tw^enty-four hours are not rare, 200 to 300 gm. being the average; more 
than nine or ten per cent are, however, not often excreted. In the 
milder cases no sugar may be present in the morning urine; hence it is 
imj)ortant to examine the urine at different times of day. In the severer 
cases it is never absent from the urine. The amount of sugar does not 
seem to be a criterion for the severity of the case. A large amount of 
pale or straw-yellow urine, even with a comparatively low specific grav- 
ity, should always be an indication to examine for sugar, even if no other 
clinical evidences point toward the presence of the disease. 

46 



CARBOHYDRATES. 47 

Detection of Sugar in Urine. — The tests for sugar are numerous, and 
in mild cases it may be necessary to resort to two or even three different 
tests before we are positively able to determine the presence of sugar. 

1. Moore-Heller Test. — Perhaps the simplest is the Moore-Heller 
test. Although by no means absolutely reliable, it is in many cases suffi- 
cient to determine the approximate amount of sugar. The method is 
the following: Pour into a test tube two parts of urine and one part of a 
ten per cent caustic-potash solution; boil the upper portion for two or 
three minutes. Phosphates, if precipitated in large amount, must be 
filtered off. When sugar is present a change of color wall take place after 
boiling, which can be approximately estimated as follows: One per cent 
or less of sugar gives a canary-yellow color, the color being somewhat 
more intense than that of the original unmixed urine; between one and 
two per cent gives a wine-yellow color; between two and three per cent, 
a sherr}' color; between three and four per cent, a rum color; and above 
four per cent, a dark brown or even black color. By the addition of a 
few drops of nitric acid, the liquid loses its dark color and gives out an 
odor similar to molasses. 

This test is only a tolerably reliable one, but in many cases will answer 
the purpose. The addition of caustic potash to cold urine may produce 
a dark color, which is due to the presence of coloring matters of the bile. 
The white flocculent precipitate, which is almost invariably seen with 
this test, is partly due to the phosphates which caustic potash may pre- 
cipitate in cold urine, and partly to mucin. The presence of a large 
amount of mucin may give a similar reaction. 

The most commonly used methods of searching for sugar in the urine 
are the copper tests. They all depend upon the fact that in alkaline so- 
lutions grape sugar reduces copper salts to oxide. 

2. Trommer's Test. — ^The oldest of these tests is Trommer's, which 
is used in the following manner: To one or two parts of urine in a test 
tube add one part of caustic potash or soda, adding, drop by drop, a ten 
per cent solution of sulphate of copper, and shake imtil the mixture 
shows a blue color. Heat the upper part of the mixture, and if sugar is 
present a precipitate of yellow cuprous hydroxide will result, which at 
first shows plainly in the bluish liquid, but- gradually spreads over the 
entire fluid, and a red sediment of cuprous oxide is formed. 

If this reaction takes place upon heating, a similar mixture may be 
made and set aside for a number of hours without heating; if sugar is 
present in rather large quantities, a similar precipitate will form. Should 
the reaction by heating be at all doubtful, the second test must always be 
made, since many of the other organic substances, which reduce the salts 
of copper, do so only after heating and boiling. 
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This test is open to a number of objeftions. .AJbumin, if present in 
large qiiatitities, must first l>e removed, since it interferes \^ ith the reduc- 
tion of the cupric oxide. A number of substances are, furthermore^ 
found in urine which have the property of reducing copper oxide in an 
alkaline solution, among which may be mentioned uric aeid^ creatinin, 
hippuric acid, and mucin. Again, a small amount of sugar may be pres- 
ent in mine and fail to reduce the oxide in the presence of other sub- 
stances, such as urate of ammonium, chloride of ammonium, and other 
anunoniacal compounds, 

3. Fehlino's Test, — Fehling*s reagent consists of two solutions, the 
copper solution and the alkaline solution. 

(1) Copper solution: Dissolve S4.639 gm. of pure crystallized copper 
sulphate in a sufficient quantity of water under gentle heat^ and dilute 
with water to 500 c,c. 

(2) Alkaline solution; Dissolve 173 gm- of chemically pure crystal- 
lised potassium and sodium tartrate and 100 c.c, of caustic-soda solution^ 
of a specific gra\'ity of 1.120, in sufficient water to make 500 c.c. 

These solutions must be kept in separate bottles in a dark place and 
equal volumes mixed before using. Ten cubic centimetres of this solu- 
tion will be reduced completely by 0,05 gm. of sugar. Even if kept sepa- 
rately FehUng's solution may decompose, and will then give a precipitate 
on heating, without the addition of urine containing sugar. 

The solution may be use*l by pouring a small quantity into a test tube 
and diluting it with two or three times the amount of water. The mixt- 
ure should be boiled for a few seconds. If it remains clear after boihng, 
which will usually be the case when the two solutions are kept separate 
and are not too old, add the urine to be tested drop by drop, at the same 
time continiung the boiling. If sugar be present in any quantity, the 
first few drops will usually cause a yellow precipitate; if the addition of 
unne is continuetl, a yellowish-red sediment will soon fall to the bottom 
of the test tube. Should no such precipitate occur, the addition of urine 
may be continued until an equal volume of urine has been added ; if then 
no yellow precipitate appears upon boiling, the urine is free from sugar, 

4. Haines' Test.— This is a modification of Fehling's, for which 
stability is claimed, if well prepared, though kept on hand indefinitely. 
The improvetl formula consists of 2 gm. (30 grains) of pure copper sul- 
phate and 16 c*c. (one-half ounce) of distilled water; make a perfect 
sohition and add 16 c.c* (one-half ounce) of pure glycerin; mix thor- 
oughly, then add 160 c*c. (5 ounces) of liquor potassce. 

In testing with this solution, pour about 4 c,c. (1 drachm) into a 
test tube and boil it gently. Next add six to eight drops of the urine 
and again boil. If sugar be present, a copious yellow or yellowish-te 
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precipitate ib formed. If no such precipitate oeciuB, sugar is not 
present. 

Besides the copper tests, bisJinuth tests are also used; these depend 
upon the power of gxape sugar to reduce tlie salts of bismuth, giving a 
black precipitate. Of these, a simple test is the follo\^ing : 

5, BorrGEtt's Test,— -Pour one part of urine into a test tube and add 
an equal quantity of a concentrated solution of carbonate of soda or 
caustic i>otash, and a small quantity of subnitrate of bismuth. Boil for 
a short time. It sugar is present, a gray or black precipitate appears ^ 
which mil be deposited on the sides of the test tube. If the quantity of 
sugar b smalt » a grayish color appears. Albumin, if present in large 
quantities, must first be eliminated by boiling and filtration. 

6, Phenylhydrazin Test.— Phenylhydrazin forms with dextrose a 
compound knoi^Ti as phenylgliicosazon, which is almost insoluble in cold 
"water and separates in hot solutions in a characteristic crj'stalline form. 
This test is performed a^ follows: Pour 10 c,c. of the urine into a test 
tube and add to it 0.4 gm. of phenylhydrazin hydrochloride and 0,8 gm, 
of sodium acetate; immerse the test tube in a water-bath and boil for 
one-half to one hour; remove the tube and set it aside to cool. At the 
end of half an hour typical cr}*stals of phenylglucosazon separate when 
sugar is present. These cr^^stals appear under the microscope in the 
form of fine, bright yellow needles, arranged in bundles, sheaves, or ro- 
settes. 

These six tests represent only a fraction of those in use, but are the 
more important. The others offer no advantages over those described. 

Quantitative Tests for Sugar. — For a rough quantitative determina- 
tion of sugar in the urine, the Moore- Heller t^t, previously described, 
can be used. It is, however, not very accurate, and of little vahie if the 
amount of sugar is below one per cent. Of the other methods employed 
for quantitative estimation, the fermentation tests and Fehling's test 
are the simplest and are fairly accurate. The method by means of the 
polariscope is probably the most accurate when the amount of sugar ex- 
ceeds one per cent. It depends ufjon the fact that dextrose rotates 
polarized light toward the rights and that the degree of rotation varies 
in proportion to the percentage of sugar in the urine. The different in- 
struments devised for this purpose are elaborate and costly; 

Fehung's TEST."-^The principle upon which Fehling's solution de- 
pends lies in the fact that, in the reduction of oxide of copper by grape 
sugar, the blue color disappears by the addition of a definite quantity of 
the sugar. As before said, 10 c,c, of the solution correspond to 0,05 gm. 
of sugar. The test may be conducted in the following manner: Dilute 
1 c,c. of Fehling's solution with 4 c,c. of water in a test tube^ and, after 
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heating, add 0.1 c.c. of the urine to be examined from a graduated pipette. 
Heat must be then reapplied, the precipitate watched, another 0.1 c.c. 
added, and the heat again appHed, until, after allowing it to stand for a 
short time, it is found that all the blue color is removed from the solution. 
If, in doing this, 1 ex. of urine has been addetl, it contains one-half of one 
per cent of sugar; if more than 1 cx-, it contains less than one- half per 
cent, but more than one-fourth per cent; if 2 c.c. are used, it contains 
one-fourth per cent; and if 0.5 e.c. is used, it contains one per cent of 
sugar. If the proportion of sugar is large, as is usually the case with a 
high specific gra\'ity, the urine shoidd Ijc diluted five to ten times. 

Roberts* Febmentation Test.^TIiLs is an excellent and simple 
test, being used as foUo^^; Into each of two bottles, one of four ounces, 
the other of twelve ounces capacity, pour 4 
ounces of urine. Add a piece of fresh yeast 
the size of a w^alnut to the urine in the larger 
bottle, which must be closed with a cork nicked 
for the escape of gas evolved by fermentation. 
The smaller bottle must be tightly corked, 
and the two bottle placed side by side in* a 
uniform temperature of 6S^ to 75^ F. — the 
average temperature of the room. At the end 
of tw^enty-four hours fermentation vnW be com- 
pleted. The specific gra\ity of each specimen 
must then be carefully taken by means of the 
urinometer, and the difference of the specific 
gravity indicates the number of grains of sugar 
per fluidouncc. For example, if the specific gravity of the unfermented 
urine is 1.035 and that of the fermented urine 1,020, the urine con- 
tains 15 grains of sugar to the'fluidounco, or 3 per cent. This test, 
although not absolutely accurate, is sufficiently so for practical purposes. 
Einhorn's Fermentation Sacchahometer. — One of the simplest 
tests, which \vi\i be found to answer bR purposes, is by means of Ein- 
horn*s fermentation saccharometer {see Fig, 13). The apparatus is put 
up in the form of a set, consisting of two saccharometers and one gradu- 
ated test tube* The method is the following: Take 1 gm. {about 15 
grains) of fresh commercial compressed 3'east, and shake thoroughly in 
the graduated test tube with 10 c.c, of the urine to be examined. Then 
pour the mixture into the bulb of the saccharometer. By inclining the 
apparatus the mixture will easily flow into the cylinder^ thereby forciriff 
out the air. Owing to the atmospheric pressure, the fluid does not flow 
back; but remains there. Leave the apparatus undisiurbed for twenty 
or twenty -four hours in a room of ordinary' temperature. 




Fig, lii. — Etx horn's Fer- 
mentation Sacchahom- 
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If the urine contains sugaTi the alcoholic fermentation begins in about 
tweuty to thirty minutes. The evolved carbonic-acid gas gathers on the 
top of the rylinderj forcing the fluid back into the bulb. On the following 
day the upi>er part of the cylinder will be found filletl with carbonic-acid 
gas. The changed level of tbe fhrid in the cylinder show8 that the sngBT 
reaction has taken place, and indicates, by the numbers upon the cylin- 
der to which it corresponds, the approximate amount of sugar present. 
If the urine contains more than one per cent of sugar, it must be diluted 
with water before being tested; urine of a specific gravity of L018 to 
L020 may be diluted twice; of 1.021 to L02S, five tim^; L029 to L038, 

tten time@. 

In carrying out this test it is always advisable to take, besides the 

^ urine to be tested^ a normal specimen, and make the same fermentation 
test with it. The mixture of the normal urine with yeast will, on the 
following day, have only a small bubble on the top of the cylinder. This 
proves at once the efficacy and purity of the yeast. If, in the suspected 
urine^ there is also a small bubble on the top of the cylinder, no sugar is 
present ; but if there is a much larger gas volume ^ we are sure that the 
mine contains sugar. 

B, OTHER CARBOHYDKATES. 

Fruit sugar, levulose (C^H^,OJ^ Ls rarely found in urine, and may be 

associated with dextrose in diabetes. It has been found in eases of mel- 
ancholia and impotence, but its exact clinical significance is not unflcr- 
stood. Levulase rotates polarized hght to the left, in contradistinction 
to dextrose, which rotate it to the right. It reduces salts of copper, 
but more feebly than dextrose. 

Le%^lose gives a t}^p)cal reaction, known as Seliwanoff's reaction: To 
10 c.c, of mine add a small amount of resorcin and 2 c.c. diluted hydro- 
chloric acid; mix and heat in a test tube. If levulose is present the liquid 
turns red and precipitate a dark sediment, which is soluble in alcohol 
with a bright red color. 

Milk sugar, lactose (C,,H^^O^,), is sometimes found in the urine of 
nulling women, but is usually present in small amount onh% rarely more 
ban one per cent. Pavy has found it as late as five months after partn- 
rition in women in whom an overabundance of milk sei*retion w^s pres- 
ent, as well OS in some women w^ho interrupted the nursing of their chil- 
dren* It has no pathological significance, but is important because it 
may be mistaken for dextrose. 

Lactose may be detected with Rubner^s t-^t: To 10 c.c, of urine add 

3 guL of lead acetate ; filter of! the precipitate antl heat the filtrate in a 

Ltest tube for a few minutes, until a yellowish-brow^n color appears ; now 
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add ammonia and continue heating. If lactose is present, a brick-red 
color appears in the solution and a cherry-red or copper-colored precipi- 
tate settles at the bottom of the test tube, while the supematent fluid 
becomes colorless. 

Maltose or isomaltose (Cj^H,aO„) has been found in a number of 
cases of disease of the pancreas in very small amount, usually not more 
than 0.1 to 0.5 per cent. For its isolation from the urine complicated 
methods are necessary, and its detection is of no great practical value. 



CHAPTER VII. 

OTHER ABNORMAL CONSTITUENTS. 

Acetone. — Acetone (C,H,0) is found in minute amount in normal 
urine (0.01 gm. in twenty-four hours), but is considerably increased in 
many different pathological conditions. It seems to be a decomposition 
product of albumins, although carbohydrates and fat may also be con- 
tributors to its increased formation. 

The most important pathological condition in which acetone is found 
is diabetes (diabetic acetonuria). In the milder cases of the disease it is 
not increased, but in the severer cases of diabetes the amount of acetone 
excreted is usually large, and it is frequently associated with diacetic and 
/?-oxybutyric acids. Acetone in varying amounts is also present in the 
urine in different febrile conditions, in pneumonia, typhoid fever, scar- 
latina, variola, in some malignant tumors, in derangements of digestion, 
in mental diseases, after chloroform narcosis, in starvation, and after 
poisoning with many different toxic substances. Urine containing a 
large amount of acetone has a peculiar, sweet, wine or fruity odor. 

The simplest method of detection is with LegaVs test: Prepare a fresh, 
strong solution of sodium nitro-prusside by dissolving a few fragments in 
a little water in a test tube. To a few cubic centimetres of the urine add 
enough liquor sodae or liquor potassae to secure a distinct alkaline reac- 
tion, and to this add a few drops of the nitro-[)russide solution, when a 
red colors at once appears from creatinin. This color changes slowly to 
straw-yellow, but if acetone is present the addition of a few drops of 
concentrated acetic acid produces a purple or violet-red; if no acetone is 
present, the latter change does not occur. 

Another test is Lieben^s iodoform test^ which is best applied to the dis- 
tillate of the urine; 200 or 300 c.c. of the urine, after the addition of a 
small amount of phosphoric or hydrochloric acid in the proportion of 3 
c.c. to 100 c.c, must be distilled and the tests performed with the first 
10 or 15 c.c. of distillate. To the distillate add a few drops of strong 
potassium-hydrate solution and a few drops of an iodine and potassium- 
iodide solution. If acetone is present, a yellow precipitate of iodoform 
develops at once, which can be easily identified by its characteristic odor 
and by the appearance of characteristic thin, yellow, hexagonal plates or 
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star-like group® under the microscope. The same reaction is given by 

other substances wluch may occur in urine, notably alcohol, but more 
slowly. 

This test has been modified by Gunning to prevent confusion with 
alcohol. He adtls an excess of an alcoholic iodine solution and some 
ammonia to the db?tillate or the urine itself, and if acetone is present 
ioiloform is dei>osited. At first the lirjuid often turns black from the 
precipitation of nitrogen iodide, but as the precipitate settles and disai> 
pears, the yellow iodofomi deposit can easily be recogniiied. The mixt^ 
ure must not be warmed as long as it contains nitrogen iodide^ this 
being a dangerous explosive, 

Diac€ttc Acid. — The presence of di acetic or aceto-acetic acid 
(CJI^O,) in the urine is usually of grave significance. It is rarely, if ever, 
found in urine free from acetone. Diacctic acid is found in advaiiced 
stages of diabetes, in severe fevers, malignant searlaiina, cHphtheriat and 
measles^ in cancer of the stomach and intestines, as well as in some ner- 
\^ous disturbances. 

Diacetie acid decomposes rapidly and is converted into acetone and 
carbon Llioxidc, hence the tests for it should be carried out with j^er- 
fectly fresh urii^e. 

The best test k Gcrfiardfs ferric-ckloHde renciion. To fresh urine 
carefully add a few drops of a moderately strong watery solution of ferric 
chloride. The first few drops produce a yellowish precipitate of ferric 
phosphate, and the addition of the reagent is continued until all the 
phosphates are removed; if diacetic acid is present, the addition of a 
few more drops of fen'ic chloride will produce a t^^iical Bordeaux-red 
color. If the amount of diacetic acid is small, the phosphate precipitate 
should be filtered! off and feme chloride added to the filtrate. The red 
color disappears on boiling for two iniiuites ; this is due to the instability 
of diacetic acid, and at once differentiates the latter from other substanceSi 
such as salicylic acid, antipyrin acetates, and cart>olic acid, which give a 
similar reaction, but which does not tiisappear on boiling. 

When there is any doubt concerning the nature of the reaction, some 
of the urine shoidd be acidulated with sul]?huric acid and shaken up 
with ether. The ether is rcmoveil with a pipette anrl shaken up with 
ver^' dilute ferric- chloride solution; if iliacetic acid is present, a violet 
color results, which changes to a Bordeaux-red upon further addition of 
ferric chloride. The jiresence of os small an amount of diacetic acid as - 
0.0 1 per cent s^ till gives this reaction, 

,S-Oiybutyric Acid.— This acid (C^H^O,), vAih acetone and diacetic 
acid, constitutes the acetone boilies; it is always associated ^dth diacetic 
acid in the urine. It is present in advanced cases of diabetes, but haB 
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also been found in scarlet fever, diphtheria^ measles, scur\^% and 
other diseases* Its detection in urine is difBenlt and of little chiiical 
value. 

Indican.— Indican, or indoxyl potassium sulphate (C.H^NO.SOjK), 

is derived from indol, a product of intestinal putrefaction of albuminous 
substance. The indol is absorlwd by the blood and oxidized in the tL^ 
sues to infloxyb which combines with potassium sulphate and is elimi- 
nateil in the urine. Indigo blue is formed by the oxidation of indoxyl 
pot.a^5sium sulphate. 

Indican h prc^eut in minute amount in every normal urine, about 
0.015 gm- being: ^'oided in twenty-four hours vnth a mixed diet; the 
amount Is itirreaised up to 0.06 gm. by a meat diet. In many patholog- 
ical conditions it may be considerably increased, and such an indicanuria 
is especially pronounced in all diseases in which increased albuminous 
putrefaction in the small intestine occurs. It is found in all gastro- 
intestinal disturbances, especially obstruction in the small intestine, 
in cholera, typhoid fever, tuberculotsis of the intestines, peritonitis* 
cancer of the stomach, liver, and intestines, as well as in many other 
diseases. 

Its detection by Jujfc's method is the follo^'ing: Pour into a test tube 
a small cjuantity of urine and mix with an equal amount of strong hj^dro- 
chloric acid; add ten or fifteen drops of chloroform and, th^op by drop, a 
moderately strong; fresh solution of ehloride of lime, shaking after each 
drop. The chloroform readily dissolves the freshly formed indigo, and a 
blue color apjiears, which is more or less pronounced, accortling to the 
amount of indican present. 

Another good test b that of OberTnayer: Preeipitate 20 c.c. of urine 
with 5 to 10 ex. of a ten per cent lead-acetate solution and filter; add an 
ecjual volume of fuming hydrochloric acid containing 2 gm. of ferric chlo- 
ride to 1 litre of HCl; shake thoroughly and add 5 c.c, of chloroform; 
again shake. This extracts the indigo, and the blue chloroform solu- 
tion settles at the bottom of the test tube. With normal urine a 
faint blue color results, while an increase of indican gives a dark blue 
color. 



Ehrlich's Diazo Reaction. — The dia^o reaction was suggested by 

Ehrlich as a valuable adjuvant in the diagnosis of typhoid fever. It is 
Htill used for thb purpose to a limited degree, although it has been sup- 
planted in a great measure by the agglutination test applied to blw^tl. It 
is not characteristic for typhoid fever, and is frequently enough alisent 
in even pronounced cases of the disease ; when present, it usually tUsap- 
peajs at the end of the third week, but may reappear in a relapse. 



56 JJRINAEY ANALYSIS AKD DIAGM08M 

ThB solutions necessarj^ for the reaction are two: 

L Diafx» reagent: 

SulphaiJilic acid, ,*....,.. 0.25 

Hydrochloric acid, .♦..»**,,...., 12*5 

Distilled water ...»...,.*, 250.0 

2, Sodium nitrite, ....»...,..*..... OJ 
Distilled water, .,..,,. 20.0 

These solutions keep best in dark bottle and must be kept eepar 
rataly. When needed, mix 50 c,c. of the diazo reagent with 1 c.c. of the 
sodium-nitrite solution. 

Tlie test is performed by mixing 10 c,e. of the urine with 10 c.e. of the 
mixed reagents, quickly adding 2 c.c* of a ten per cent animonia solution. 
If the reaction is positive the solution assumes a carmine- or deep cherry- 
red colofi which also appears in the foam. A coffee-broi^Ti color is not 
indicative of a positive reaction. On standing for twenty-four hours a 
dark green precipitate is formed when the reaction is pc^itive. 

The diazo reaction has abso been found in measles, pneumonia, scarlet 
fever, erysipelas^ typhus, puerperal septica^a, s^'philis, cancer, and 
especially tulx^rculosis ; in the latter disease the presence of the reaction 
is fref)uently an unfavorable sign^ as it has been often found in eaaes with 
a rapidly fatal termination. 

Different dnigs, Buch as opium, morphine, chri'sarobinp naphthalin, 
and heroin, when taken internally ^ve the diazo reaction, though here a 
green precipitate does not, as a rule, oc€ur on standing for tw^enty-four 
hours. Other drugs, such a*s tannin, creosote, guaiacol, and saloK render 
the diazo reaction in urine negative — a jwint to be remembered in tuber- 
culosis, where a number of these drugs are frequently given. 




Coloring Matters. — Bile Pign tents. —When biliar\* coloring matters ap- 
pear in the urine, the urine always has an abnormal color — dark 3*el!ow, 
brown, or greenish — and a yellow or yellowish-green froth or foam is pro- 
duced by shaking. In fresh urine bilinibin is usually found in combina- 
tion with alkalies; if allowed to stand exposed to the air, bilirubin be- 
comc?s oxidized t^ the green biliverdin, as well as to the less important 
oxidation products, biliprasin, bilifuscin, and bilihumin. l^Tien a consid- 
erable amount of the pigment is present is the urine, the morphological 
elements of the sediment often have a more or less pronounced yellow or 
brownish color. 

Bile pigments are met with in the urine in all cases in w^hich th^^ is 
an obstruction to the outflo%v of bile from the Uver, and are seen in nu- 
merous pathological conditions of the hver, with or without the presence 
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of jaundice. They may, furthermore, appear as a result of blood changes 
and after hemorrhage into the tissues. 

The presence of biliarv^ pigments in the urine can frequently be de- 
tected by the color of the urine and the foam, as well as by the yellow 
appearance of the elements in the sediment under the microscope. One 
of the best methods for detecting bile pigments in the urine is by Gmehn^s 
test, which consists of placing a small quantity of strong nitric acid, con- 
taining a little yellow^ nitrous acid, into a test tnbe and gently floating a 
similar amount of urine upon it. If biliarj^ coloring matters are present, 
a set of concentric colored rings will appear at the point of union between 
the acid and the urine; these rings, from above downward, will be green, 
blue, %dolct, red, and yellow, the green being the most predominant, and 
is indispensable in proving the f presence of bile^ the others being some- 
times more or less indistinct and even entirely absent. A moderate 
amount of albumin has no inTfluence upon this reaction. 

A modification of this test by Rosenbach is also good: The urine is 
filtereci through pure white filtering paper, and, after filtration, a drop of 
the acid is applied to the inside of the filter; around the nitric acid the 
same concentric rings v^ill be observed. 

Another simple test is UUzmmm's: To 10 c.c. of urine add 3 or 4 c.c. 
of a twenty-five per cent caustic- potash solution and an excess of pure 
hydrochloric acid. If bile pigments are present, the mixture assumes a 
beautiful green color. 

Besides bile pigments, bile acids may be found in the urine with the 
pigments in pathological conditions of the liver. Their occurrence, how- 
ever, is rare and their detection of no clinical value. 

Coloring Mattef- of Bf^od. ^Haemoglobin, the chief coloring matter of 
the blood, may be found in the urine, either enclosed in the red blood 
globules, in cases of htematuria, or in rare instances dissolved in the 
lu'ine, the affection being called luemoglobinuria. When a small amount 
of blood is present in the uri«e, the color of the urine is not necessarily 
changed, and a slight cloudiness alone may or may not be found; when 
a large amount of blood is present, however, the color of the urine, as 
wtU as that of the sediment, is brown, reddish-brown, or red, 

Hsematuria is common, may be due to many different causes, such as 
severe inflammations, concretions, calculi, tumors, traumatism, tubercu- 
losis, etc., and may occur from any portion of the genito-urinary tract. 
The source of the hemorrhage can be positively diagnosefl only from the 
epithelia and other elements in the sediment under the microscope, as the 
macroscopic characteristics, from which it is claimed the source of the 
blood can be diagnosed, are in many cases entirely unrcliabie. 

Hsemoglobinuria is due to a dissolution of the red blood corpuscles in 
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the blood-vessels, which permits the coloring matter to escape in solution, 
in this condition blood corpuscles are scanty or entirely absent; when 
present, they are quite pale and not easily recognizetL HtE^moglobinuria 
is occasionally found in severe infectious diseases, such as yellow fever, 
malignant smallpox, and scarlet fever; in extensive bums and after poi- 
soning with diflferent substances, such as carbolic acid, phosphonis, and 
naphthoL Cases of paroxysmal h^emoglobinuria also occur. 

The simplest method of detecting haemoglobin in urine is the boilhig 
test: When urine is boiled and a few drojis of acetic or nitric acid are 
adde<l, the albuminous ]Drecipitate, always present in such ciises, is 
not white, but has a more or less pronounced brown or brownish-red 
color. 

Heller's Test* — The earthy phosphates are precipitated from the 
urine by the addition of caustic potash or soda and heat ; as they become 
precipitated they cktvx with them the coloring matterp and are therefore 
not white, but blood-red. Under the microscope the coloring matter can 
easily be detected whenever jjresent in any fonn. 

Almi^ns' Guaiacum Test. — Thoroughly mix equal parts of tincture 
of guaiacum (1 ))art of guaiacum to 100 parts of absolute alcohol) and 
old oil of turpentine; upon this mixture, which must not have any blue 
color, layer the urine to be tested. If haemoglobin is present, first a blu- 
ish-green and then a light or dark blue ring appears at the point of con- 
tact; on shaking, the mixture becomes blue. Urine containing many 
pus corpuscles also gives a blue ring with this test^ which, however, 
disappears on heating the mixture to the boiling |ioint. 

Hamatoporphjrin.SL derivative of hiemoglobin, and urchilin^ derived 
from bile and blood pigments, have been previously described. 

Melanin is a dark pigment of slight clinical importance, and is only 
rarely found in urine ; it may occur in the urine of persons suffering from 
melanotic sarcoma or cancer, though it is not present in all cases of this 
kind, and has also been observe^l in different wasting diseases. The urine 
containing melanin is not usually dark when voide^l, but soon becomes so 
upon exposure to the air; upon the addition of oxidizing agents, such as 
ferric chloritle, sulphuric acid, or bromine, the dark color appears more 
rapidly and intensely. Melanin is present in the urine as a chromogen — 
melanogcn — wdiich becomes oxidized to melanin. 

Fatty Matters. — In rare cases a varying amount of fat, rendering 
the urine more or less turbid, may be found. Such a condition, in which 
the fat is |>resent either in a state of minute subdivision or in the form 
of larger oil drops, is called h'pttrw when no albumin is present, or chyl- 
uria when a large amount of albumin is found with an abundance of 
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small fat globules. In both lipuria and chyluria, choUsterin, usually in 
small amount only, may be present in the urine. 

The addition of ether quickly dissolves the fat, and the urine becomes 
clear. The microscope will reveal the presence of fat and cholesterin at 
once. 

Leudn and tyrosin are products of decomposition of the albumins. 
They usually occur together in the urine and are mostly found in rapidly 
destructive processes of the liver, such as acute yellow atrophy and phos- 
phorus-poisoning, although occasionally seen in other diseases. They 
can easily be detected by microscopical examination. 

Cystin. — Cystin (C.H„N,04S,) occasionally appears in a number of 
members of the same family. It is not a normal ingredient of urine, and 
its chief clinical significance lies in its tendency to form calculi. Urine 
containing cystin may have a peculiar odor, a greenish-yellow color, and 
develop)s the odor of sulphureted hydrogen upon standing; a grayish- 
white precipitate may form. When cystin is present, certain products of 
intestinal putrefaction, the diamins, especially cadaverin and putrescin, 
are almost constantly found. The neutral sulphur of the urine is greatly 
increased in amount in these cases of cystinuria. Cystin is soluble in am- 
monia and can be precipitated by acetic acid. Its microscopical appear- 
ance is quite characteristic. 
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CHAPTER VIII. 

GENERAL CONSIDERATIONS. 

Microscopical examination of urine is in many cases of greater diag- 
nostic importance than chemical examination, and should in even' in- 
stance form a part of urinary analysis. Whenever possible, urine, before 
it is to be examined under the microscope, should be set aside in a well- 
stoppered bottle or conical vessel, preferably in a cool place, for at least 
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Fio. 14. — Sedimentation Glass. 



Fig. 15. — Spaeth's Sedimentation Glass. 



six, but better twelve, hours. If a conical vessel is selected, either a plain 
sedimentation glass (see Fig. 14) or Spaeth's improved sedimentation 
glass (see Fig. 15) may be used. The latter has a perforated stopper at 
the bottom, and offers advantages over the ordinary form, in that the 
sediment is collected in the stopper and can be removed with it. At the 
end of this time it will be seen that in every urine, even if perfectly nor- 
mal, a sediment has appeared at the bottom of the bottle, which is to be 
used for microscopical examination. This sediment in normal urine will 
be in the form of a cloudy deposit, the nubecula , and consists of mucus, 
flat epithelia from the bladder and vagina, and a varying number of epi- 

63 



64 



TTRINABT ANALT8I8 AWB DIAGITOSIS. 




dennal scales from the genital organs* Spennatozoa may be present in 
both male and female urine aft4?r sexual intercourse, anil in the former 
after nocturnal emission. The sediment of normal urine may, further- 

more^ contain even a large nimiber of salts 
in the early morning, wtien the urine is highly 
concentrated, while these salts may be almost 
entirely absent at other times. 

After standing for some time, ever)' urine 
imdergoes a change, the rapidity of which 
depends upon the temperature as well as 
upon the degree of the reaction when passed. 
An acid urine, which is perfectly clear when 
passed, may become turbid upon cooling, 
owing to the presence of a large amount of 
urates. Micro-organisms, especially of the 
class of hyphomycetes or mould fungi, and 
saceharomycetes or yeast fungi, may sooner 
or later develop^ and in a small degree 
schizoraycetes^ or fission fungi. A neutral 
or even slightly alkaline urine may be clear 
when voided, but soon becomes more or 
less cloudy, the change depending partly 
upon the salts, but mostly upon the development of bacteria belonging 
to the class of fission fungi. This change takes place quickly in warm 
weather, and is, as a rule, more pro- 
nounced in the urine of females than in 
that of males, on account of the bacteria 
which are normally found in the vagina. 
In pathological conditions the sedi- 
ment in the urine is usually more or 
less increased, though in mild cases the 
increase is not pronounced. In severe 
inflammatory or suppurative processes, 
however, it may be very abundant, 
this being due to pus coq^uscles, blood 
corpuscles, epithelia, casts, etc., which 
it contains. Frequently such urine is 
cloudy when voided, and, when an ex- 
cessive amount of mucus is present, is fio. 17. 
ropy in character. 

Use of Centrifuge*— To overcome the necessity of w^aiting for pre- 
cipitation to take place and to avoid the changes due to decomposition, 



Fig. 16.^Hani> Centrifuge. 
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the cen^fiige is considerabh' used. With this instrument three minutes 
are sufficient to obtain a proper sediment. The simplest centrifuge is 
operated by hand (see Fig, 16). Single-spee<l instruments give a sjieed 
of 3,000 revolutions a minute; double-speed instruments, 3,000 to 10,000 
revolutions. The former an^^wers all ordinary purpos^es. The water- 
power centrifuge (see Fig, 17) Is also ea^y to operate, giving a smooth 
and rapid motion ; ordinary" water pressure is sufficient to obtain the de- 
sired speed. Where electricity is obtain able » the 
electric centrifuge is the most satisfactory. The 
sedimentation tubes, supplied vnth the instru- 
ment (see Fig, IS), are either plain or gradu- 
ated, and hold 15 c.e. The instrument un- 
doubtedly has its advantages, but in many ca^es 
it is better to adhere to the old method and 
wait for sLx hou^s, the only precautions neces- 
sar\- being to keep the bottle tightly corked and 
in a cool place. 

One of the chief advantages of the cen- 
trifuge is that bacteria are thrown down in 
large numbers, so that the search for them is 
more successful. This is especiaDy important 
in ca^es of suspected tuberculosis, as tubercle 
bacilli are found more readily in centrifuged 
than in non-eentrifuged urine. 

On the other hand, the great force necessary 
to effect sedimentation will undoubtedly change 
some of the minute elements to a greater or l^s 
degree* Some of the pus eorpuseles may assume different shapes, irregu- 
lar in character^ partly due to commencing disintegration. These changes 
are not present in the non-centrifuged tsjjecimen, while the number of 
corpuscles is the same in both. Similar changes may take place in differ- 
ent epithelia as well as in spermatozoa, which latter may assume peculiar 
forms after the use of the centrifuge. When a proper sediment is ob- 
tmned by standing, the number of casts in the centrifuged and non- 
eentrifuged S]>ecimens is practically the same in a given case^ though 
here, too, some may undergo changes by centrifu gal i zing. Mucus-threads 
are more abundant and more likely to take on the form of cylindrbids, 
and this may be quite pronounced in healthy urines, in i\'hich no patho- 
logical features are present; these cvlindroirls often resemble hyaline 
casts to such a degree as to be easily mistaken for them. Extraneous 
fibres, such as linen fibres, easily break into minute fi brills, and resem- 
ble eonnective^tissue shreds when the latter are not pr^ent. 
5 
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When care is exercised Ln microscopical examination and only the 
perfectly distinct features are taken into consideration, the centrifuge 
may be used; but in most cases it carmot be conBidered superior to the 
old method. | 

Mounting of Sediment,— The sediment having been obtained by 
either allowing at leiLSt four or six ounces of urine to stand at rest for the 
required time or by the use of the centrifuge, a drop of it is transferred 
to a slide for microscopical CKamination. For this purpose a g\stm pipette, 
consisting of a simple glsss tube drawn to a moderately fine point at one 
end, may be used. This tube is passed into the urine mth the upper 
opening clmed by one finger, until it almost touches bottom, when the 
pressure of the finger is gently relaxed, a small amount of the sediment 
from different layers drawn into the tube, the latter closed again with the 
finger, and withdrawn. A better method is carefully to decant the upper 
j>ortion of the urine, i>our the seiiiment into a Kniall dish, and use a 
camel's-hair brush to transfer a drop to the slide. Such a bnish can be 
thoroughly cleansed with water after each examination, and Ls kept clean 
more easily than a piijette. The drop of urine is put into the centre of the 
slide and a cover glass slowly dropi>ed ujx)n it, great care being taken not 
to press the cover down, since even the small amount of force n^ed may 
be sufficient to change the epithelia or casts. Some workers never use 
cover glasses, but examine the urine upon the slide without co^^ering it. 
This method i^ uncleanly and should never be employed. 

Use of Antiseptic Substances,— In order to avoid decomposition of 
the urine as much as possible* when it cannot be examined Tadthin twelve 
or tw-enty-four hours after being passed, large numbers of antiseptic sub- 
stances, such as salicylic add, boric acid, chloroform, thymol, formalin, 
and bichloride of mercurj^ have been recommended to be adde<l in small 
amount to the urine; but when not absolutely necessary, it is better to 
avoid them. Of these substances thymol is the best, a small crystal being 
sufficient. The use of formalin should be avoided, as it is apt to change 
a number of the ingredients of the urine, Urine kept in a cool place and 
in a clean bottle can be examined, even thirty-six hours after I>eing void* 
ed, without the danger of having to deal vdih too many putrefactive 
changes. In all cases the chemical analysis should be made as soon m 
possible. The sediment for microscopical examination can be mixed 
with a little alcohol if necessary, or, still better, chromic acid. 

Preservation of Sedinient-~If it is desired to preserve a specimen 
for a variable length of time, the best method is to add from two to five 
drops of a five per cent chromic-acid solution to it; the only change that 
will take place is that the albumin becomes coagulated, appearing under 
the microscope in the form of irregular granular matter, irregularly scat- 
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tered throughout the field. T!ie chromic acid will preserve all the feat- 
ures permanently, not even causing any changes in the casts, Perma^ 
nent microscopical or shde si>ecimens are made by abiding a few drops of 
chemically pure glycerin to a small amount of the setUment previously 
treated with chromic acid, until a Jelly-like mass is formed, and waiting 
for a few days until all the superfluous water has evajwrated. It is not 
advisable to add the glycerin to the sediment mixed with chromic acid 
until the water)^ element of the urine ha^ become evaporated, which ^ill 
be the case at the end of one or two weeks. If the sediment has become 
too thick on account of the evaporation, a httle more glycerin is added, 
a drop then mounted upon a slide, a cover glass placed \ipon it^ and the 
whole surrounded by asphalt. Specimens preser\"^ed in this manner can 
be kept for many years without change. 

Should it be de^iretl to preserve a large amount of the urinary sedi- 
ment in a bottle, the chromic acid is added as before: but in that case it 
will be better to add a larger amount of a weaker solution (about one- 
fourth or one^half per cent). After a few weeks the upper part of the 
liquid is poured off and a small ammmt of a forty or fifty per cent solu- 
tion of alcohol added, to i>revent the pjowth of mildew. Microscopical 
specimens can be made years afterward from urine so preserved, by tak- 
ing a drop of the sediment, mixing it with a drop of glycerin, and mount- 
ing upon a slide in the regular manner. 

Another method, which preserves the elements fairly w^elK consLsts in 
treating the sediment with et|Ual parts cf Hayem's litiuid. comtx)sed of 
1 gm. of sodium chloride, 5 gm. of sodium sulphate, 0.5 gm, of corrosive 
sublimate, and 200 c.c. of w^ater 

Magnifying Powers.— Great difficulty is frequently encountered in 
seeing all the features present in a specimen of urine under the micro- 
scopCj this betng in many cases due to the want of a proper magnifying 
power. For the study of urine, the magnifying power should always l?e 
between 4(X) and 600 iliametere, the average being 500, A good one-sixth 
dr>^ lens (make immaterial), together with a one-inch eyepiece, are all 
that will be required. An Abb6 condenser should not be used, except for 
the study of bacteria, nor will an immersion lens be alw*ays necessary 
even then. Both tubercle bacilli und gonococci can be seen with a power 
of 500 diameters if the specimen is well stained, although a somewhat 
higher power, 700 to SOO, which can be obtained by using a one-eighth 
dry lens, is undoubtedly superior. Should it be desired to use an immer- 
sion lens for the study of bacteria, an Abb^ condenser is essential. The 
custom of trying to find casts with a lower power, 150 to 200 diametei^. 
cannot be recommendefl, since it is impossible to recognize some of the 
other features present in the case with such a power, and there are many 
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cases of great importance in which no casts are present. In studying a 
case under the microscope, it will be found of great advantage to keep a 
record of all the features as they are found, and also to note their com- 
parative numbers. Sketches of the features will still further simplify the 
study. Too much stress cannot be laid upon the fact that, in the study 
of epithelia, the comparative sizes of corpuscles and epithelia can alone 
lead to correct diagnoses, so that the advantages of rough sketches can 
readily be appreciated. 



CHAPTER IX. 



CRYSTALLINE AND AMORPHOUS SEDIMENTS. 

The crystalline and amorphous or chemical sediments found in urine 
are mostly the different acids and salts, though a number of other unor- 
ganized sediments may also be present. 

1, ACIDS AND SALTS. 

The salts which may be found under the microscope are seen partly 
in acid and partly in alkaline urine, and the sediments are the following: 

A. ACID SEDIMENTS. 



1. Uric acid 

2. Sodium urate 

(a) Amorphous 
(6) Crystalline 

3. Calcium oxalate 



Cystin 
Creatinin 
Hippuric acid 
Leuciii 
Tyrosin 
Calcium sulphate. 



Common 



Rare, 



-Very rare. 



B. ALKALINE SEDIMENTS. 

1. Triple phosphates or ammonio-magnesian 

phosphates 
(a) Complete 
(6) Incomplete 

2. Simple phosphates or calcium phosphates 

(a) Amorphous 

(6) Star-shaped, or stellate 

3. Ammonium urate 

4. Calcium carbonate. — Rare. 

5. Magnesium phosphate. — Very rare. 



Common, 



A. ACID SEDIMENTS. 



1. Uric Acid. — Uric acid is a constant ingiedient of the urine, and is 
frequently seen under the microscope. Its amount is greatly increased 
by an abundant proteid diet, such as meat, especially mth diminished 
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exercise or sedentary habits. It is also augmented in acute febrile dis- 
eases and in impeded function of the heart, lungs, and kidney. It is 
dinunished by a diet poor in protein matteiB; also in chronic kidne}' dis- 




Flo. Ift. — Chvsvfali* of Ubic Acid, Common Form ( x 400). 



I and other diseases in which tho amount of urea h diminished. The 
precipitation of a large amount of uric acid does not necessarily sigmf\' 
an increase in its elimination. 

Uric acid varies greatly in shape and size, and is of a yellovmh-bro\^Ti 
or nnkiish-brown color, except -when precipitated in ver>^ thin plates, 
when its color Is pale velloWt or it may appear almost colorles.s. Different 
varieties of uric acitl are met vdxh, some of which are frequent ly seen and 
constitute the common forms, while others are found more rarelv. When 
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present in larger amount it becomes precipitated in the fonn of reddish 
masses, which adhere to the sides of the vessel and produce the so-called 
brick-dust sediment. These niaases are known as gravel or sand. 

The common form of uric acid (see Fig. 19) consists of rhomboidal 
prisms— lozenge shape. The lozenges may be large or small, single or 




Flo, 20. — Chtbtals or Uric Acid, Commok Foum ( X 400). 



miiltiplep with round or pointed ends, being at times more or less irregu- 
lar, There may be two lozenges together, giving the twin form, or they 
may be seen either half-etlge or edgewise, or they may be in more or less 
regiUar barrels. Besides these, complicateil formations, crosses, and ro- 
settesj are seen (see Fig. 20), the latter being a conglomeration of lozenges, 
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either in front view or edgewise, and frequently smaller ci^stals, some- 
times quite irreg:iilar, are found within the larger ones. 

Another form (see Fig. 21) is often seen in highly acid urine, and is 
usually found with gouty or rheumatic processes or with the formation 




Ftq. 21, — Crystals or Uric Acib, from Hiam^y Acid Urine (x 450). 

of uric-acid concretions in the bladder. These cr>'gtals appear in peculiar 
apear, comb, and brush shapes or in exaggerated lozenges. The gpear 
shapes are in many cases ver\^ pronounced. In persons in whom the so- 
called uric-acid diathesiB exists, these forms are frequently seen. 

Still another variety of uric acid (see Fig. 22) consists of concretions 
of varying sizes, irregular plates, masses^ and needles, either single. 
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double, or conglomerated in the form of stars. Occasionally dumb-bell 
fonns are also met n^dth. The passage of such concretions or gravel 
proper, when at all abundant, is almost invariably accompanied by more 
or less severe pain. When in larger masses, we have the uric-acid cal- 




FlO. 22. — Umc-AClO C^NCHEtlONS C X SOO), 



cuH' or stones, which form the largest number of renal stones, being per- 
haps seventy per cent of all calculi passcnl. 

Quite frequently small , irregular plati^ of a light or dark yellow color 
are seen under the microscoj>e; the sediment in VNhich these are found 
may be of a mucous or granular character, which gives no indication of 
containing any uric acid. Different varieties of uric acid with calcium- 
oxalat^ crystals and occasionally a vaiydng amount of urates ane not in- 
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frequently met with in the same specimen. When these feature are 
present, the diagnoak of lithmnia is justifieil. 

Although in almost all cases there will be no difficulty in recognizing 
uric acid under the microscope, there may be extremeh^ pale, practically 
colorless lozenges or irregular plates which might be mistaken for pbos- 




Fio, 23* — Pale Urio-acjd CuvaTALs (X 500). 



phates or imperfect calciuni-oxalate crystals. In Fig, 23 pale ci^^stals of 
different sizes and shapes are depicted. In order to ascertain their exact 
character, a small amount of some alkali^ such as caustic potash or soda^ 
may be added while the s]jccimen Is examined under the microscope, 
when the uric-acid crj^stals will J>c seen to dissoh^e readily. If now a 
drop or two of acetic acid be added, small characteristic crystals will 
soon reapi^eaj-. 
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2, SoDruM Urate.— Sodium urate (see Fig. 24), when present in large 
amounts, forms the so-ealletl clay-water sediment, which renders the urine 
Uirbid upon coohng. It may be founil alone or in comlnnation with 
uric acid arid |M)tas-sinm urate, from wliich latter it can hardly be tlislin* 
g\mh ed . Sn ch a sei I imeu t i s t he so-c al leil scdimm I um (a ier it lu m . Sodium 
urate usually cotisisis of groups of li|?ht or dark brown ^ fine, limorphous 
granules in a moss-like arrangement, which easily adhere to foreign sub- 
stances as well as to mucus and epithelia. The groups vary greatly in 
size and are at times quite large. 

This salt is of common occurrence, and is found in all slight febrile 
derangements, after mental and physical exertion, in colds, catarrhs of 




Flo. 24, — ^SoPiUM Urate, AMORPtrors (X 51 Jt)). 



the stomach and intestines, on the 6rst day of menstruation, and in gen- 
eral malaise; and it may also occur in i^erfectly healthy imrniduals 
where the vuine is highly concentrated. It is held in solution while the 
urine is warm^ but quickly becomes precipitated upon cooling. It is the 
effete material of oxidation, the so-called materia piccans of old physicians. 
In rare casest sodium urate Is crystalline (see Fig. 25), api:>eariMg in 
the form of neetile-like clusters or arrangetl like sheaves of wheat, or of a 
fan-ehajie arrangement, yx)inted toward the centre, and broader toward 
the periphery. This setliment has been found in various conditions, such 
as diseases of the stomach and intestines, and in healthy individuals dur- 
ing prolonged physical exertion. The accompanying illustration was 
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taken from a case of dennoid cyst of the kidney, where the cry^stals oc* 
curred in large numbers with urie-acid eryMals. 

Sodium urate frpcjuontly undergoes a change a few hours after the 
urine is voided, the leng:th of time re<iuired for the change depending upon 




B^ 2$. — dODHTM UaATE, CflraTALLINE ( X 5O0)* 

the temperature. The granulc«5 commence to change into small browTi 
globules, which are either single or grouped in twos; the latter soon coal- 
esce and form small dumb-l>ells, which gradually enlarge (see Fig. 26)* 
Tliis has been spoken of ns the first stage of the formation of ammonium 
urate* the ammomum uraie in skiiii nascenii, and denotes a commencing 
transition of the original acid sediment into an alkaline. When the alka- 
line change is more or less complete, we have the fully formed globules 
of ammonium urate, 

3. Calcium Oxalate. — Calcium oxalate, when present in small or 
moderate amount in the urine, without an increase of specific gra\4ty, 
has no clinical significance. Oxalic acid, nonually present in all urine in 
small quantities, has a special affuiity for calcium, and apj>ears in the 
urine as calcium oxalate. It is fre<iuently found after eating certain kinds 
of fruits and vegetabl*^, such a^ apples, oranges? , batianas^ certaiii berries, 
grapes, tomatoes, rhubarb, asparagus, spinat^h, and turiujjs. 

It occurs in a variety of forms (see Fig. 27) , but it is alwa3"B colorless 
and of a moderately high degree of refraction. The most common forms 
are those of quadrilateral octahedroris, greatly varying in size, with single 
or double lines running; from one end of the crystal to the other, crossing 
each other in the centre and giving the characteriBtie so-called letter- 
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envelope shape; when they are seen edgewise the octahedral form is 
more marked. These regular forms often commence to break down, so 
that the lines become lost. A number of the cr>'stals may be arranged 
together, either in twos, giving the twin form, or in groups of three, four, 
or more. With these we often see small, more or less regular squares or 
dot-like irregular formations, the so-called amorphous shapes. A number 
of small squares may combine together, giving concretions sometimes of 
large size, which are especially abundant under the microscope when cal- 
cium-oxalate calculi are present. They are often massed together upon 
mucus-threads or foreign substances. Besides these, there are rarer 
forms, consisting of more or less concentrically striated, highly refractive 
discs or barrel shapes, and of variously sized dumb-bells. The latter may 
assume large proportions, and are easily differentiated from the dumb- 
bell forms of uric acid or ammonium urate, by their being colorless. 

The common forms of calcium-oxalate cr\'stals can hardly be mistaken 
for anything else, if it is borne in mind that they are always without color 
and of a moderate refraction. The small discs may be mistaken for red 
blood globules, but are of a considerably higher refraction than the latter. 
Although usually present in acid urine only, they may be found in neutral 




Fio. 26. — Granules of Sodium Urate Changing to Glouules and Dumb-bell^ 

(X 500). 

or slightly alkaline urine in small amount. When the reaction of an orig- 
inally acid urine has become alkaline, they gradually disappear, while 
tri[)le phosphates commence to develop. Should there be any doubt as 
to their character, they will be found to be insoluble in acetic acid, but 
soluble in hvdrochloric acid. 
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When calcium oxalate is present in the urine in large amount, ydih a 
high specific gravity, 1,024, L030, or even J. 040, it often denotes the 
existence of oxaluria. This affection, although very common, m fre- 
quently overlooked. It gives the sj^nptoms of neurasthenia ^ dysi>ej>sia, 




Fig. 27.^ — CAW^nrsf^^CALATE CRYBXAXfi ( X 600). 

melancholia, general malaise, headaches, and ill-defined pains in the 
lumbar region. Those afflicted are usually of sedentary habits and are 
ac custom ed to live welL In rare cases, especially when concretions of 
considerable size are present, hirmaturia, often severe and protracted, is 
a pronounced symptom. It may last for months, but its cause can at 
once be ascertained by an examination of the urine. As soon as the pa- 
tient*s diet is regulated and he takes considerable outdoor exercise, the 




oxalates decreiuse and the symptoms improve. With such cases inflam- 
mation of the pelvis of the kidney, and sometimes also of the kidney 
proi3er, though, as a rule, mild in character, is of common occurrence. 

4, Cystin, — Cystin is a comparatively rare sediment, but may pro- 
duce concretions in the bladder. It consists (see Fig, 28) of hexagonal, 
colorless plates of moderate sizes, of high refraction, %vhich, in side view, 
present one perfect facet and two imperfect neighboring facets. A num- 
ber of plates may lie together, one upon another, or they may form more 
or less regular masses. It is readily soluble in ammonia, one of the feat^ 

jures distinguishing it from uri*: acid. Cystin contains considerable sul- 
phur as a constituent. 

C>^stin seems to occur in all members of certain families instead of 
uric acid ; in such families it appears to replace uric acid, and in them 
cystin calcidi are not rare. 

5, Creatintn. — Creatinin, normally present in the urine in very small 
amount, is found tmder the microscope in rare instances only. It consists 
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Pig. 28.— CrsTDf Cbtstals (X 500). 

(see Fig. 29) of colorless prisms or plates, partly lozenge- and partly bar- 
k lel-shaped* Frequently there are two, three, or even more plates, one 
within the other, or the plates may conglomerate in groups. Occasion- 
ally, more particularly when the urine has stood for some time, peculiar 
configurations appear in the interior of the plates. 
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Creatinin is found mt^t frequently after prolonged muscular exercise, 
as is seen in athletes during active training. A rare sediment, found in 
the urine of a perfectly healthy athlete, h shown in Fig. 30, This sedi- 
ment contains plates and lozenges of creatinin, the rare crystalline form 
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Fia, 30.— Sedu*ej?t in the Uhike of an Athlete ( X SOO)* 
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of sodium urate, and peculiar formations, consisting partly of fan-shaped 
and partly of angular crystals, from which a varj^ing number of long 
needles are seen to emanati*. Some of these crystals resemble rarer forms 
of ammonium urate. 

Clinically, creatinin has been fotmd in cases of severe acute paren- 




chymatons nephritis, associated with unemic convulsions, ajid has also 
been seen in the urine in typhoid fever, pneumonia, and diabetes, 

6, HiPPURic Acid,— Hippuric acid, which is present in all normal 

urine, is almost always held in solution, though it may be found in small 

amount after a vegetable diet and after eating certain fruits, such as 

cranberries, plums, and prunes. In the urine of herbivorous animals, 

6 
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especially in horses, it is of common occurrence. It is found in larger 
amount after the administration of benzoic acid or one of the benzoates, 
sahcylic acid, cinnamic acid, and oil of bitter almonds* It has also been 
seen occasionally in diabetes. 

It consists (see Fig. 31) of variously sized, colorless prisms and plates, 
often conglomerated into larger or smaller masses. The plates may be 




FiQ, 32. — Leuctn ajwd TYROBm ( X 600) » 

thin and extremely long, at times resembling needle, Hippuric acid 
might occasionally be mistaken for some forms of phosphates, bxit can 
easily be differentiated from them by its insolubility in acetic acid. 

7, 8. Leucin and Tyrosin.— Leucln and t^Tosin arc rare sediments, 
and usually occur together. They are never seen in normal urine, but 
mostly in severe acute and usually fatal diseases of the liver, such as 
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acute yellow atrophy of the liver, phosphorus-poisoning, and in yellow 
fever. They have also been found in cases of smallpox^ scarlet fever* and 
typhoid fever. 

Lcucin {see Fig. 32) appears under the microscope in the fonn of flat, 
yellowish or brown globules of different sizes , with delicate radiating and 
coucentrie striations, Tjtosio is found in the form of needle-shaped 
er^^stals, grouped in clusters or sheaves, crossing at various angles. 

Both leucin and t>Tosin somewhat resemble fat, the former the fat^ 
globules, the latter the needle of fat — so-called margaric acid — but differ 
from fat by being insoluble in ether. 

9. Calcium Sulphate. — Calcium sulphate (see Fig, 33) occurs in 




FlO. 33.— OAIiClUlf-SULiPHATE CBYfiTALa (X 500). 

urine in a small number of cases only, the specific gra\'ity of the urine 
being, as a rule, high. It consists of thin, colorless prisms or needles, 
either single, in groups, or in rosettes, resembling er}\stalline calcium 
phosphate, but more regular. Its clinical sigmiicaiice is not known. 



B. ALKALINE ftEniMENTS. 



1. Triple Phosphates,— Triple phosphates, the combinefl ammonio- 
magnesian phosphates, may be divided into complete and incomplete. 
They may be found under the microscope in small numbers in urines 
which still give a faintly acid reaction, but invariably denote a change to 
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alkalinity . When pr^ent in large numbers, the urine is alwa>*s alkaJine. 
These phosphates are frequently seeondar>' fonnations, not being seen 
when the urine is freshly voided, but l^eing found in varying numbers a 
few hours later. They niaj bo seen to develop while the urine is e^am- 




FiQ. 34,— 4lk)MPLETE Triple PBoaPHATEs ( X 5O0)k 

ined under the microscope. As all urates are colored to a greater or less 
degree, all phosphates are invariably colorless. 

Complete triple phosphates (see Fig. 34) are colorless, triangular 
prisms or rhomboitlal er>^stals, highly refractive, with bevelled ends^the 
Bo-called coflin-lid shapes. They vary greatly in size and shape^ the latter 
being different when the cr\^stals are seen in front, side, or top \iew. 
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Some of the smaller ones can harcUy be differentiated from calcium oxb.- 
late crystals. 

Incomplete triple phosphates (i^ee Fig. 35) are seen in aiany forms and 
sizes. It seems that these crystals are in part not yet fuUy developetl 
(especially the smaller varietici^j which may in time grow and become 




Flo. 35* — Incomplete Triple Phosphates (X S00)» 



complete) > and in part have become broken down from previously com- 
plete forms. AU the different transitions can be seeti in the same sjiet'i- 
men when it is studied on two or three successive days, which can easily 
be done by simply adding a drop of glycerin to the urine upon the slide. 
The incomplete forms represent irregular plates, either without any dis- 



86 



XmiNAEY ANALYSIS AND PIAGNOSM. 



tinct marks or with irregular lines ^ the result of the transformation of the 
complete crystals. The crj^stals may be broken down in the centre, or 
there may be peculiar cross-like formations, or even irregular star-shaped 
crystals, which can he likened to a fern leaf* 

Triple phosphates may be found in varjing numbers in normal urine 
after a vegetable diet. Their amount is increased in chronic inflamma- 
tory conditions of all kinds, in rheumatic proce^es, in inflammation of 
the boneSj and in diseases of the nerv^e-centres. They are especially abun- 
dant in cases of chronic cystitis, where an alkaline putrefaction of the 
urine takes place in the bladder, and may be precipitated in large, flaky 
deposits, the urine having a pronounced ammoniacal odor, 

2. Simple Phosphates, — Simple phosphates, or calcium phosphates^ 




Fro. 36-^ — ^AMORPUQua Simple: pKosPHAf Ea ( X 500)* 



are of two distinct varieties: first, amorphous; and second, star-shaped 
or stellate* 

Amorphous simple phospha^tes (see Fig. 36) appear in the form of 
colorless globules or granulesj of a moderate refraction, either single or 
clustered together in variously sized groups, but never in a moss-like 
arrangement, as the soditmi urate. These phosphates are abundantly 
found after a milk diet^ as well as after drinking different alkaline min- 
eral waters. 

Star-shapetl or stellate simple phosphates, although of less frequent 
occurrence than the other variety, are by no means rare, and are often 
tound in conjimction with the triple phosphates* They consist (see Fig* 
37) either of slender, colorless rods or of j^ointed spicules of various sizes. 
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at times larger and smaller ones being found together. Although they 
may be found single, their characteristic grouping is in the form of stars 
or rosettes^ more or less complete. The spicules, of which the rosettes 
are composed, are miited in the centre of the rosette, while each spicule 




Flo. 37-^ — Stas-^hapud 3impi.e Phobphatub ( x 50D)* 



may have a uniform diameter or be broadened at the periphery and nar- 
rowed in the centre. 

Much has been uTitten about the significance of the phosphates in the 
urine, and great stress has been laid upon their continual increase or 
tfiminution, the latter being said to be of constant occurrence in cases of 
nephritis. It is an undeniable fact that the phosphates are diminished 
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in severe and usually advanced cases of nephritis, but not more so than 
the other salts, there being a pronounced decrease of all salts in sudi 
cases. 

In rare cases there is a contioual increase of the phosphate in the 
urine, without any apjiarent cause, Such cases have been designated by 
the temi j^wsphatariat and they may give similar SMiiptoms to those of 
oxaluria. The phosphates precipitating in the urine being frecjueatly 




secondar}^ formations, such a diagnosis must only be made when their 
amount is found to be greatly increased immediately after the urine is 
voidetl, and the presence of iuflammatory conditions of any kind in the 
body can be excluded* A change of diet will often rectify this trouble in 
a short time. All phosphates are easily soluble in acetic acid, which will 
quickly clear up any tloubt.^ as to their character* 

3. Ammonium Urate* — Ammonium urate is a common sediment in 
alkaline urine, especially in connection with triple and simple phosphates, 
and is seen in fresii urine only when it is passed in an alkaline condition. 
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It is the result of alkaline decomposition. It appears (see Fig* 38} in the 
form of brown globules of various shapes and sizes, usually exliibiling 
pronounced concentric and radiating st nations. The globules may ap- 
|>ear singly or in clusters, sometimes forming large, coalesced masses- 
They are either smooth or provided with thorny, sometimes branching 




"lO. 39. — Acii> 3EDiME:jfT IN Fermentation a?J» is TiiANeiTJOS' to Alkaune (X 500). 

Uf Uric-acid platea; UN, uric-acid ne«dl^; US, taudiiuu urate Ln transition to gLobulea 

and dumb-bcllB; UA, ummomum urate; Oj calcium, ox&late; C, comdmi Mf tnycelia. 

and curved offshoots^the so-called thorn-apple shapes. The offshoots 
var>' greatly in size antl nimiber, there being either one or many upon a 
single globnle. Not infrequently the globules, esjieciaUy the smaller ones, 
conglomerate so as to form concretions, sometimes of large size, and this 
may also be the case when mucus- threads or foreign substances, such as 
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cotton or linen fibres, are present. Upon the addition of hydrochloric 
acid the globules of ammonium urate disapjiear and small rhombic crys- 
tals of uric acid are formed. Ammonium urate is soluble in alkalies, by 
the addition of which an odor of ammonia is evolved. 

The alkaline change, which may take place in an originally acid urine, 
IB illustrated in Fig. 39. When the urine was voided it contained nothing 
but a large number of uric -acid crystals of different forms, both plates 
and needles, some groups of sodium urate, and cr}*stals of calcium oxa- 
late. After about twelve hours fermentative changes commenced to ap- 
pear, and fungi, in the form of conidia and mycelia, developed. The 
sodium-nrate granules were now foimd to have partly changeil into small 
globules and dumb-bells, possibly the first formed ammonium urate. 







Fig. 40. — C^i^citm CAitaoHATE ahb Magnt^tum Phosphate (X 500). 

This change gradually continued until larger globules of ammonixim 
urate, as well as more irregular fomis, had developed. Triple phosphates 
were not seen in this specimen, 

4, Cautium Carbonate.— Calcium carbonate is a comparatively rare 
alkaline sediment, occurring either alone or in combination with the 
phosphates. It is usually found (see Fig. 40) in the form of amor- 
phous granules and globules of different sizes, though mo.^tly larger than 
the globules of amorphous simple phosphates; they are seen either singly 
or in groups of var\*ing sizes, and are of ver>' high refraction, Occa^ 
sionally duml>bell forms arc also present, and y^r>' rarely small delicate 
prisms. By adding an acid, such as acetic acid, efTervescence is pro- 
duced, which also occurs in the presence of ammonium carlx)nate, though 
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this is always held in solution and never seen under the microscope. Cal- 
cium carbonate ia the most common sediment in herbivorous aiiimalBi 
and the turbidity of their urine is due to its presence. 

This salt appears mainly in rnflnmmatoty' and carious processes of the 
bony system, such as osteitis, osteomyelitis, osteomalacia^ and rhachitis. 
It may also be found in diabetes and i^hthLsis. After drinking certain 
mineral waters in large quantities it may be seen in the urine. 

5. Magnesium Phosphate.— Magnesium phosphate (Fig. 40) is an 
extremely rare sediment, producing colorless^ highly refractive, elongated, 
quadrilateral prisms, sometimes resembling the small plates of incom- 
plete triple phosphates. It is observed in the urine after the internal use 
of the fixed alkati-carbonat^s, such as are held in solution in many min- 
eral waters, and may be found with calcium carbonate. It is readily 
soluble in acetic acid. 

n. OTHER UNORGANIZED SEDIMENTS. 

Fat- — Fat, in the form of globules and granules, is of common oc- 
currenee in the urine, but care must be taken not to confound it with 
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Fio. 41. — FAT-dL.ofirLEa and MAJiaAmc-ACii> Neei>le8 (X 500). 



extraneous fat-globules, which in many cases are larger, more irregular, 
and of a more yello^^ish color. If fat is not present in too large quan- 
tities, the microscopical appearance of the urine is not changed, but if it 
exists in large amount » as, for instance, in the rare cases of chyluna^ in 
connection w ith considerable albumin, the urine is turbid or milky when 
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voided, and, after standing, a peculiar creamy la^^er appears at the top 
of the urine. When fat-globules are voided in such large quantities as to 
be seen with the nakeii eye, and albumin Is either entirely absent or 
preseui in small amount only, the diagnosis ft/mm is justified; these 
eases are, however^ just as rare a« those of chyluria. The addition of a 
few droj'^s of ether clears up the urine to a certain degree, 

Fat-t^lobules and -granules var>" considerably in size (see Fig. 41). 
When the larger globules are found, needles of margaric acid may also be 
pr^ent; these are long, slender formations, in which a double contour 
can be seen only in rare instances. They lie between the globules, as well 
as Avithin them in some cases, and may also appear to emanate directly 
from them. Fat-globules have a high refraction and usually a rather 
dark contour, 

Lea\diTg out of consideration the rare cases of chyluria and pronouncetl 
lipuria, the latter of which has been observed in healthy individuals tem- 
porarily after a iughly fatty diet, a8 well as in pregnant %vomen and in cnses 
of phosphorus-|joisoningj the appearance of a small or moderate number 
of small fat^globules and ^granules, either singly or in variuusl_v siKcd 
groups, k seen in all eases in which a chronic inflammation, even of mild 
character, exists somewhere in the geni to-urinary- tmct. These globules 
are not only found lying free throughout the different fields, but in vary- 
ing numbers within the epithelia and pus-corpuscles, being undoubtedly 
secondary products of the f>rotoi>lasm. The globules may make their 
appearance in small numbers a few weeks after the c^ommencement of 
the inflammation, but are found in greater quantit}'^ only in chronic cases; 
the more numerous the globules, the more pronounced the inflammation. 
At first, one or two glistening globules of verv' small size are seen in the 
gramdar protojilasm, which condition l>ecomes more and more pro- 
nounced, until the fatty degeneration, in severe cases, attacks the \^hole 
of the epithelium, occasionally changing itP appearance completely. 

8uch fat-globules are, therefore, found not only in chronic cases of 
nephritis and pyelitis, but also in c>'s{itis, |irostatitis, urethritis, and vag- 
initis. In the iliffereut varieties of nepl iritis tVieir numbers vary greatly. 
When present in small or moderate numbers only, no other diagnosis 
than that of a chronic inflammation is justifiable; but if very abundant, 
either with or without the presence of fatty casts, a diagnosis of fatty de- 
generation can l>e n>atle. 

Cholesterin, — Cliolesterin, a normal ingredient of bile, is occasion- 
ally found in the urine. It consists (see Fig. 42) of colorless, thin, irregu- 
lar rhomlx>idal plates, frequently broken in <lifferent parts and of greatly 
varying sizes. It easih* dksolves in ether, and takes on a retldish or vio- 
let color if treated! with iodine and a drop of a sulphuric-acid solution. 
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Cholesterin has been found in a few cases of chronic cystitis, in rare 
cases of chronic parenchj-matous nephritis with fatty degeneration, and 
in chyhiria. Its exact significance is unknown. 




Fig. 42. — CnoLiaTEWN Crystals ( X 400). 



"^r^vM-l^ 




^ 






^ ^ ^ 



Fia.-43.— H.F.MATOIDIN Crystals (X 500). 

Hsematoidin. — Ha*matoidin crystals seem to be the result of extrav- 
asated blood, if retained within the tissues. They appear in the urine 
(see Fig. 43) in the form of small, irregular plates, as well as needle- 
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shaped, sometimes stellate, crj'stals of a reddish-brown or, rather, rust- 
brown color. The needle^Bhaped cr>'stals var>" considerably in size, and 
may be found either singly or in conglomerations of peculiar forms* Not 
only may the needles be arranged so as to form bunches resembling the 
bristles of a brush, but an irregular mass may be surrounded by a large 
number of needles^ sometimes giving a crab-like appearance. The larger 
formations arc rare, while the smaller are comparatively common, not 
only lying free^ but also in the interior of pus corpuscles and epithelia. 
Their presence always denote a hen^orrhage which has taken place at 
some pre\ious time, and they may, therefore, be found in a variety or 
different lesions. 

Besides ha^matoidin, it is claimed that biiiruhin may be found under 
the microscope, closely resembling the cr^^stals of hsematoidin, and seen 
in both plate and needle form. They are usually larger and more irregu- 
lar than the former, and their relationship is still undecided. 

Indigo.— All normal urine contains a small amount of indican» and 
the indigo occasionally found in tJie urine is, as a rule, a secondary prod* 
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Flo. 44.— Iptoioo Crvbtal6 ( X 500), 



uct of oxidation, often seen when putrefactive changes have developed* 
In rare cases the urine has a bluish color when voided, the indigo having 
been formed in the body; this is seen in pathological conditions only. 

Indigo (see Fig. 44) is seen in the form of blue rhomlDoidal crystals of 
small size, or irregular masses, as well as in needles and thin plates. Al- 
though it was formerly always considered to have a pathological signifi- 
cance, it Ls now known to be present in perfectly normal coTiditions. It 
is not uncommon to see indigo under the microscope in small amount as 
extraneous matter from the underwear, and this cannot^ in most cases, 
be distinguished from that formefl in the urine. 
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Melanin. ^Another coloring matter which at times is seen in the 
urine is melanin, appearing as dark brown or perfectly black, irregular 
granules or masses of small size. It has been found in melanotic tumors, 
such as sarcoma and cancer, as well as in broken-down constitutions 
due to various troubles, and cannot be said to have any special sig- 
nificance. 



URINARY CONCRETlOm. 

Quite frequently concretions may torm in the urinaiy parages and 
be found in the urine. When very small, these concretions are called 
gravel; when large, stones or calculi. The former can be passed in large 
amount with little or no pain; the latter cause great suffering and the 
condition may require surgical interference. Concretions are formed 
either in the kidney, pel\is of kidney^ or bladder, and m(^t frequently 
consist of uric aeid, urates, calciiun oxalate, or phosphates. Besides 
these, concretions of cyst in and calcium carbonate, as well as indigo and 
xanthin, may be found. 

Concretions may consist of one ingredient only, or of two or more in 
alternate layers. The majority of concretions have a central portion or 
nucleus and a peripheral portion or body. The nucleus vari^ in size and 
composition. It may consist of the same material as the body, though, 
SB a rule, some organic product, such as a blood clot or mucus-thread, will 
form the nucleus, around which the body of the calculus fomis. In rare 
cases, foreign bodies introduced into the bladder from outside become the 
nuclei of stones. 

The most common are the uric-acid concretions, which may be passed 
in large amount in the form of gravel, but often attain a large size. They 
comix>&e from seventy to eighty per cent of all concretions, and are 
formed either of uric acid alone or combined with the urates; are hard, 
and have a yellowish-brown or reddish*bromTi color. Calcium-oxalate 
concretions have a graHsh or dark color, and may be either small, round, 
and smooth — called hemp-seed calculi — or large, rough masses — the mul- 
berry calculi. Sometimes the nucleus of these concretions consists of 
uric acitl. Phosphatic concretions are usually formed of mixed triple 
phosphates and calcium phosphates. They are mostly of large size and 
have a grayish-white color. Other concretions are of rare occurrence. 
In many cases their nature can easily be determined by placing a minute 
particle in a drop of glycerin under the microscope* 

Although the pr^ence of concretions, even when very" minute, can 
almost invariably be determined by microscopical examination of the 
urine, a number of examinations must not infrecjuently be made before 
the diagnosis becomes positive. The fiiBt urine examined may contain a 
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email number of salts only, or these may l^e entirely absent under the 
microscope, though .subsequent examinations v^ill show them in large 
amount and clear up any doubt. In all such cases inflammations or 
hemorrhages from the kidney, ]:>elvis of kidney, or bladder will sooner or 
later develop. 

For a more detailed analysis, the concretions should be powdered and 
subjected to a red heat upon platinum foiL If the odor of hydrocyanic 
acid is given off, the concretion contains either uric acid or xanthin, the 
latter of very rare occurreikce. Uric acid gives the characteristic murex- 
ide test; xanthin does not. If consitlerablc residue of ash is left, which 
when heated to a high temperature melts to a white mass, it contains 
phosphates ; phosphatic concretions are soluble in hydrochloric acid with- 
out effervescence. If the powder first blackens upon heating, but upon 
further heating leaves considerable white ash, w^hich dissolves in hydro- 
chloric acid with effervescence, it cont^ns calcium oxalate ; if this solu- 
tion is neutralized with ammonia, and oxahc acid Ls addcil, characteristic 
envelope-shaped cr>*stals, which are readily recognized under the micro- 
scopej are precipitated. If the powder upon burning emits an odor of 
sulphurous acid and burns with a bluish flame, it contains cystin ; when 
ammonia is added to the powder it dissolves, and upon evaporation cr>*s- 
tallizes in hexagonal plates easily diagnosed by the microscope. Calcium- 
carbonate concretions dissolve in hydrochloric acid inth effervescence. 
In order to ascertain if a calculus consists of more than one ingre- 
dient, it is best to section it and examine the powder from each layer sep- 
arately. 



CHAPTER X. 

BLOOD-CORPUSCLES AND PUS-CORPUSCLES. 
I. BLOOD-CORPUSCLES. 

Red blood-corpuscles or -globules are of frequent occurrence in the urine; 
they may be derived from any portion of the genito-urinary tract. When 
present in small numbers, the color of the urine is either not changed or 
it is cloudy; but when they occur in large numbers, the urine has a red- 
dish hue and may be of a dark red color. During the period of men- 
struation red blood corpuscles occur normally in the urine of females, but 
with this exception their appearance invariably indicates some abnormal 
condition. 

Red blood-corpuscles, as found in the urine, vary considerably in ap- 
pearance, shape, and size (see Fig. 45). In fresh urine they are discoid 
bodies of a yellowish hue and frequently crenated, but after a few hours 
only may have entirely lost their haemoglobin and are then practically 
colorless. This change takes place more quickly in alkaline than in acid 
urine, and also depends upon the degree of concentration of the urine. 
As long as the blood-corpuscles contain considerable haemoglobin, they 
have a yellowLsh color; as soon as they commence to lose their coloring 
matter, a double contour can usually be seen, the interior being in most 
cases apparently structureless. This is the condition in which they are 
most frequently found. 

When they are present in large numbers, they are found both singly 
and conglomerated in variously sized masses, and the so-called thorn- 
apple shapes are often seen. When they lie edgewise they appear biscuit- 
shaped, and may be found in small masses like rolls of coin ; the latter is 
comparatively rare in urine. As a rule they are neither granular nor nu- 
cleated, and can thus easily be distinguished from pus-corpuscles, even if 
the double contour Ls not well marked. In acid urine, however, after it 
has been standing a few days, a small number may appear granular. 

Unless blood-corpuscles are present in ver>' small numbers only, ever>' 
urine containing them \n\\ also contain an appreciable amount of albu- 
min. In severe cases of hicmaturia the amount of albumin may reach 
one-half of one per cent or more, and still the kidneys be perfectly nor- 
mal, the blood coming perhaps from the bladder, the urethra, or the 
prostate gland. 
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When the uriiie ib of a low specific gravity, the red blood-corpiiscles 
frequently swell aiul Ijeconie hytlropie. In snch cases they are lar^c, pale, 
double-contoured bodies, and are calleit *' ghosts/^ In an active henior- 
rha^e, besides the corpuscles described, small globules are fretjuently 
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Fig. 45. — BLOOi>*coitPU»Ct£a ( X 500). 



seen, which are sometimes less than half the sixe of the regidar corpuscles, 
but perfectly characteristic. These are of recent formation, are in proc- 
ess of growth, and may be called hsematoblasts. 

Whenever a large number of red blood-corpuscles is pr^ent in the 
urine, a small number of white biood-cwpuacks or leiicocyim is invariably 
seen- They vary in amount, but average one of the latter to five hun- 
dred or six hujuired of the former. Leucocytes cannot be distinguished 
from pus-corpuscles. They are usually found in the form of globular, 
granular l>odies, though they may easily change their form on account of 
the contractility of their protoplasm. When a hemorrhage exists and 
these corpuscles are seen in small nimibers only^ they should not be 
calleil pus-corpuscles. 

In an active hemorrhage w*e frequently notice, besides blood-corpus- 
cles, fibrin ^ us well as clots of blood (see Fig. 46). 

Fibrin appears either in the form of thin, pale, colorless strings, or 
larger, more or less reddish or brown masses, frecjuently g]\^ng off smaller 
branches. It always consists of wavy bands, of a higher refraction at the 
i:>eriphers'' thau in the centre, and of a characteristic appearance. When 
large, the masses can easily be seen %vith the naked eye. In rare cas^, 
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uch m severe hemorrhages due to tumois or parasites, they may attam 
enormous size^ and not infrequently form regular casts, 

Blood-cht^ consist of irregular, rust-brown or dark masses, varying in 
size, which are comj>ased of tlisintcgrated blootl-corpuscles ; they may be 
so dense that their structure cannot be made out, and they must be 
dia^osed from their color. 

When blood-corpuscles, even in small numbers, are present in the 
urine, it is absolutely essential to discover their source. This can only be 
determined by the nature of the epithelia in the urine. As long as the 
hemorrhai^e is miltl or of moderate severity onl}', epithelia can always be 
found without any difficulty ; but in the worst cases of hfematuriat where 
many fields of the microscope may be erowde<:l with blood-corpuselcs, it 
is at times quite difficult to find epithelia. In these cas^ many drops of 
urine must sometimes be examined before the source of the hemorrhage 
can be positively determined. Some aiithoi^ advise the removal of the 
blood from the sediment by the addition of a large amoimt of lukewarm 
water and a few drops of dilute acetic acid, stirring thoroughly and allow- 




Fio- 46. — Fibrin aK!> Bukio-clot (X fiOO), 



ing to settle* TJiis process undoubtedly changes many of the other ele- 
ments present in the sediment, and it h best not to use it unless absolutely 
necessary; The color, reaction, and specific gravity of the urine, as well 
as the nature of the ha*maturia, can never afford any positive clew as to 
the source of the blood* 
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The pathological conditions in whieh blood-corpuscles are found are 
numerouB. They are present in small or moderate numbers in every 
acute inflammation, whether of mikl or severe character^ and even in sim- 
ple irritations and hyper^emia. They will be found in a prostatitis as 
%vell GiB m a nephritis; also in pyelitis and cystitis. The presence in the 
urine of an abnormally large amaimt of salts may be sufficient to set up 
an irritation of the kidney or jielvis^ with the appearance of blood-cor- 
puscles. 

Hemorrhage+s from the genito-urinar}' organs are of comparatively 
frequent occurrence and tlue to many causes. Perhaps among the most 
frequent of these cases are lienion'hages from the rH?lvis of the kidney, 
often due t^^ gravel or calculi. Severe inflammations, abscesses, ulcers, 
tumors, stricture of the uretlira, or trainnata of difl'erent kinds, as well as 
parasites, will cause them. A little care exercised in discovering all the 
features pr^ent in the urine t^HII in most cases lead to a positive diagno- 
sis of the source of the ha?maturia- 



II. FUS-CORPUSCLES. 

Whene\^er pus-corpusrks are present in the urine, even in small nam* 
bers. an abnormal condition exists somewhere in the genitourinary tract 
If they are very scanty* this condition Ls not necessarily an inflammation, 
though there is undoubtedly an irritation in some poilion of the tract. 
As soon as they are fountl in at least moderate numbers, the diagnosis of 
an inflammation can at once be made, which is the more pronounced the 
greater t!ie number of pus-corpuscles; when they arc very numerous we 
may even be justified in diagnosing suppuration, though not without 
other features. 

Urine contaiiiing pus-corpuscles in small numbers may appear i3er- 
feetly normal to the naketi eye, but the greater their mmiber the more 
turbid it becomes, and in urine in which Ihey are abundant a heavy, 
cloudy sediment \^ill sink to the bottom in the course of a few hours. In 
such cases the term pyurin might be proijerly used. Eveiy urine in 
which pus-cor|)uscles are prcBent in au}^ appreciable numlicr contains al- 
bumin, no matter from what organ they are derived, and the larger the 
number of pus-corpuscles the greater the amount of albimfiin. 

Pus-cori>u*5cles, also called leukocytes, are parti v emigrated white 
blood-corpuscles, partly derived not only from the Connective-tissue cells, 
but also to a great degree from the epithelia themselves, the protoplasm 
of which l>ecomes change^l by endogenous ne^\'-formation to inflamma- 
tory corpuscles, w'hich later reach the surface of the epithelia and are 
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carrieci along by the yrine as pus-corpuscles. They appe-ar mostly as 

small ^ round, granular bodi^, perhaps twice the size of normal red blood- 
corpuscles ^ in which one or more nuclei nuiy or may not be seen; in 
freshly pitted urine they not infrequently exliibit active amti^boid 
changes^ assuming a variety of irregular forms (see Fig. 47). 

In dilute as well as in highly alkaline urine the pus-corpuscles swell 
and assume a large, globidar shai>e, becoming hydropic. In these a cen» 
tral nucleus will be observed, whCe the granulations around the periph- 
eral portions become pale or almost entirely disappear. In ammomacal 
urines, as seen in chronic f3^stitis, the pus-corpuscles, when present in 
large numbers, burst and coal^ce, producing a sticky mass, which can be 




F, Fus-corpuscles with fatr globules; C, dim ted pus-corpuscles; H, pua-eorpuscIeA with 

hicmatoidia cryatala. 



transferred to the slide only in jelly-like lumps. In such cases a large 
amount of mucus is alwa)^ present, and it may become almost impossible 
to differentiate the pus-corpuscles from mucus-corpuscles. 

The apparent pr^ence or absence of nuclei in the pus-corpuscles de- 
[|>ends entirely upon the amount of granulation ; in coarsely granular cor- 
Ppuscles they are in\'isible, but become well marked when the granulation 
is fine. Not infrequently var^nng numbers of small, glistening fat^glob- 
ules and granules appear in the pus-corpuscles^ and this fatty change 
may be so pronounced that almost the entire granulation is altered. 
Such a pronounced change always denotes a chronicity of the inflamma- 
tion, although the fat-globulcs may commence to appear a few weeks 
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after the beginning of the inflammation, when the process cannot qb yet 
he called strictly chronic. In perfeetl}^ acute inflammationSj however, 
they are never found. 

Sometimes piis-corpuseles are seen which contain delicate, nist-bro\v*ii 
crystals of hojmatoidin, in both needle and plate form. This is more espe- 
cially the case in those derived from epithelia of the pelves of the kidneys 
and the uriniferous tubules of the kidneys^ and denotes a previous hem- 
orrhage. In recent hemorrhages the pus-corpuscles may have a uniform 
yellow color, due to the imbibition of the coloring matter of the blood. 
In cases of chronic catarrhal cystitis, dark brown pigment granules may 
sometimes be found in the pus-corpuscles. Occasionally pus-corpuscles 
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Fig. 48.^ — Pra-coRPUecLFis Sh owing Different Ck)t7BTiTUTiof«B ( X 500). 
E, Excellent; G, good; Af, medium; P* poor. 

which have delicate hairlike prolongations — cilia^are seen. These arise 
from the ciliated columnar epithelia of the uterus, and when present jus- 
tify the diagnosis of an endometritis. Care must be taken not to mistake 
Ijacteria adhering to the surface of the pua-corpuscles for cilia. 

ConstUuHon. — Pus-corfiuscles, when present in moilerate or large num- 
bers, will invariably allow us to form an opinion as t.o the constitution of 
the patient. All pus-corpuscles are granular, the nature of this granula- 
tion varying with the constitution of the individuaL This fact was fiist 
annoimced in 1879 by t^ari Heitamann, and thousands of examinations 
have proved the correctness of his assertion. It is easy to recognize the 
different appearances of the pius-corpuscles, not only in different cases 
but to a certain degree in the same case, if attention is paid to this fact; 
some corpuscles appear highly refractive and coarsely granular, while 
others are pale and finely granular (see Fig. 48), 
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Coarsely granular, refractive, nearly homogeneous corpuscles, without 
any apjiarent nucleus, show an excellent, fii^t-clajss constitution, anr! the 
more numerous these are in a given case the Ijetter the constitution, 
The coarse granulation is clue to a large amount of li\ing matter; the 
Ir^^ li\ing matter present, the finer will be the granulation » and, there- 
fore, the poorer the constitutioo. In i>ersons having a good constitution, 
the granulation is still coarse, though not to such a great degree as in 
tho^^e of an excellent constitution, and the pus-corpuscles will not apfiear 
as highly refractive as in the latter. When the granulation becomes le^ 
eoarse^ a micleus will be seen in the piis-corpuscle. This is proof of a 
medium constitution^ while verv^ finely granular pus-corpuscles^ with one 
or more pale nuclei, indicate a poor or broken-down constitution. 

If all the (lifferent vaneti^ of granulation, from the coarsely granu- 
lar down to the finely granular, are present, we can come to the conclu- 
sion that the patient had originally a good or even excellent constitution, 
which has l:>ecome weakened by ilisease; and the more abundant the 
finely granular, nucleated bodies are, the greater has been that weaken- 
ing. A few months or weeks before the death of an indi\idual if the 
same ot^curs from a chronic ailment, or even a very short time before 
death if it occurs from an acute affection, the pus-corpuscle break dowTi 
completely and l>ecome changed to finely granular, pale, irregular masses. 
These facts can be verifietl in everj" case, and will be found of invaluable 
ai<l in the prognosis. A little study* even with no higher power than 500 
diameters, is sufficient to see easily the differences here noted* 

Attention must, however, lie drawn to the fact that it is easy to con- 
found niucus-eor]j uncles, which are always pale and finely granular and 
are present in every normal urine, with pus-corpuscles. Mucus-corpus- 
cles are normal products of the epithelia, vary considerably in size and 
shape, and are not nucleated; they are» of course, useless in diagnosing 
the constitution, as are hydropic pus-cor|>usclc^. 

Pus-corpuscles may be derived from any portion of the geni to-urinary 
tract, and their source can only be determined by the nature of the epi- 
theUa i>resent in the urine. Being invaiiably fount! in every inflanima- 
Nion, the mildest as well as the most pronounced, they are among the 
most common of all the elements founrl in the urine. To diagnose an 
inflammation of the kidney ^ it is by no mearis necessar>' to find casts, 
since a number of kidney lesions, sometimes quite se^'ere in character, 
exist T^ithout the presence of casts. Irritation from a large number of 
salts, which is common in the pelvis of tlie kidney, is sufficient to show a 
email number of pus-corpuscles. Although highly alkaline urine fre- 
quently accompanies an inflammation of the bladder, no po5?itive conchi- 
sion can be arrived at without the characteristic epithelia. Again, in the 
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urine of a female a large number of pus-corpuscles may be present with- 
out any other trouble than a vaginitis, though this may be sufficient for 
considerable amount of albumin to appear. The same may be said of 
prostatitis and urethritis. Any doubt as to the origin of the pus-corpus- 
cles will at once be dispelled by finding the characteristic epitheb'a in the 
urine. 



CIL\PTER XI. 

EPITHELIA, 

With very few exceptions, epithelia presient in the urine always de- 
note a pathological process of some kind. Normally the only epithelia 
found in urine are irregular, flat epithelia from the bladder, in small 
numbers, v^hWe in urine of females there may be flat epithelia from the 
vagina; the presence of all other epithelia is pathological. Although it 
is claimed to be impo^ible to diagnose the sources of the different epi- 
thelia in the urine, this is not at all difficult, providwl a few general points 
are always borne in mind; and it is only by an accurate knowledge of 
their sources that we are able to obtain a diagnosis of the location of the 
morbid process. Mofst of the morbid processes occurring along the genito- 
urinar>^ tract are inflajTimator>' in nature, and marked by the presence of 
pus-corpuscles in the urine, and the location of the inflammation is deter- 
mined by the epithelia. 

Before speaking of the nature of the different epithelia found in the 
urine, it \b necessarj'^ to have an idea of the general charactei^ of the 
epithelia orcurring in the Ixxly. TheBe are of three kinds; First, flat 
or squamous; second, cubmdal; and thinl, columnar or ctftuidriraL Flat 
epithelia arc always more or less irregular in outline, exhibiting a broad 
front surface, while in edge view they are narrower and somewhat spintile- 
shaped. Cuboidal epithelia have about the same diameter in all direc- 
tions, while columnar epithelia are elongated in one direction. The latter 
may l>e ciliated, having one or more delicate, hair-like prolongations on 
the outer surface. All epithelia are granular and possess one or more 
nuclei, which, however, need not always be visible and may have droppeil 
out, lea\'ing a vacuole. The granulation may be coarse or fine, the flat 
epithelia being frequently inoi*e finely granular and paler than the others. 

All epithelia may octnn- either in a single layer or stratified; that is, 
there may be a numl>er of different layers. Wherever stratified epithelia 
occur antl all three varieties are present, the flat variety Ls seen to com- 
poae the outer or upper layers, the cuboidal the middle layers, and the 
columnar the inner or deepest layer, nearest to the connective tissue. 

In the genito-urinar>" tract a lining of stratifietl epithelium is found in 
the pelves of the kidneys, the ureters, bladder, urethra, vagina, and cer- 
vical portion of the uterus^ while a simple epithelial lining exists in the 
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uriaiferoiis tubules of the kidne^ys, the proBtate gland, aeminal vesicles, 
ejaculatory duct«, Bartholinian gland, and mucosa of the uterus. 

It k maintained tliat the epithelia from different organs, such as the 
bladder, ureters, and i>elves of the kidney?^, ure identical in size and shape. 
By scraping off the epithelia of these organs, tlus idea appears correct; 
but if the epithelia are examinetl in sitUj we will soon be convinced that 
their sizes vary considerably. The largest epithelia are found in the va- 
gina; the next in size in the bladder; then, in order, those of the cervix 
uteri, urethra, pelves of the kidneys, ureters, and prostate gland; the 
smallest in the uriniferous tubules. It must not be forgotten, however, 
that there are transitional si/*es, which are of no value for diagnosis. The 
smallest cuboidal epithelia from the bladder, for instance, may be iden- 
tical with the largest cuboidal epitheUa from the j^elves of the kidneys, 
but the average size m abBolutely different, being considerably smaller in 
the pelves than in the bladder. Again, the caudate and lenticular forms 
of epithelia arc far more prevalent in the pelves and calices than in the 
bladder, and are well adapted for a diagnosis. 

All epithelia change to a certain degree in the urine, more esi>ecially 
the cuboidal* which are originally angidar polyhedral formations; by the 
imbibition of the waterj^ constituent of the urine, they swell and assume 
a more or less regular, even ]ierfectly sjihericab form. This change af- 
fects all epithelia alike, and the size of the spheres is sufficient for a diag- 
nosis of their previous location. 

In the vagina and bladder, where the epitheUa are large, the differ- 
ence between the flat, cuboidal, and columnar varieties is naturally most 
marketi, while in the pelves, ureters, urethra, and cervical portions of 
the uterus it is not so pronoimced. In the prostate gland the simple 
epithelial lining is usually cuboifiab though sometimes columnar, while 
in the ducts of the prostate gland and the senunal %*esicles it is coliunnar 
only. In the cjaculatory <lucts, as well as in the mucosa of the ntcnis, 
ciliated columnar epithelia are present, tliough in the iirme the cilia break 
off easily and may not l>e seen. In the uriniferous tubules of the kidney 
the sim]:>le ei>ithelial lining varies in different ]jortions, being partly flat, 
j>artly cuboidal, and partly cohimnar; the flat and culxiitlal epithelia can- 
not be distinguishefh while the columnar variety is well marked. 

In every urine flat, horny epithcha from the genitals — the prepuce in 
the male, and the clitoris and labia in the female^mny be found, and are 
called epitl(*rmal scales (see Fig. 49). They have a jagged contour, are of 
a rather high refraction, and do not contain a nucleus, but are frequently 
studded with dirt particles anci fat globules. In atldition, their granula- 
tion — if any b present at all, which is rarely the case — is extremely pale, 
and they appear more or less shrivelled. They vary in she antl shape con- 
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siderably, aiicl must not be mistaken for true epithelia or cn'stals of in- 
complete triple pho^phates^ which latter they sometimes resemble more 

pronoiinrptUy than the former. 

In attempting to diagnose the sources of the different epithelia, it 
must be remembered that nothing but size will pijsitively differentiate 




Fig* 40. — EpiD^ayAi, Scai^s (X 500). 

them* and that a small number of epithelia may Ije found, the source of 
wiiich cannot l>e told i>ositively; the larger number, however^ ore abso- 
lutely characteristic. 

The epithelia found in the urine may be di^ddell into: First, those 
common to both Bexes; second, those found oidy in the male; and third, 
thase founri only in the female. 

Epithelia Common to Botli Sex^p — The epithelia found in both 
sexes are those from the bladiler, tlie pelves of the kidneys, the ureters, 
and the uriniferoue tubules of the kidne}^. The urethral epithelia are 
also the same in Inith sexes, but are most common in the male. 

Epithelia frmn the Bladder (see Fig. 50) . — The ejnthelia from the blad- 
der are of three tlistinct varieties and are easily recognizable; these are 
fiat epithelia from the upper layers, cuboicJal from the mid/lle layers, ami 
eolinnnar from the deepest layer. Flat epithelia may be seen l)oth in 
front ™w and edgewise, when they may appear more or less folded* A 
small ntmiber of these epithelia, without the presence of pus-corpuscles, 
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may be seen in every normal urine. They have no significaiice what-ever, 
since the fiat epithelia continually desquamate in health, though in a 
small amount only. As soon as they occur with pus-coqiuscles and with 
cuboidal epithelia, they have a pathological significance. These flat epi- 
thelia may be seen either singly or in clusters of varjing size. Although 
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FlO. SO, Ei'lTffEUA ITROM THE BLADDER (X 500). 

Uf Upper Iftyera; UF, upper layers , folded; M, middle layers; D, deepest layer. 

the size of these epithelia is distinctly smaller than that of the epithelia 
from the upper layers of the vagina, a small number may occasionally be 
found » of almost the same size as the latter, deri%'ed from the neck of the 
bladder, near the prostate gland. Their number, together with the sixe 
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of the cuboidal epithelm and the fact of their not containing baeteriai is 

as a rule sufficient to clear up the diagnosis. 

Cuboidal epithelia from the middle layers are never fotmd in normal 
urine; they ma>^ be scanty or numerous. When cuboidal epithelia arc 
preisent in moclerafe or large numl>er^, with many flat epithelia from the 
upper layers^ the tliiignosis of an acute process can 1x* made. If, on the 
other hand, the upper layers are st^anty or entirely absent t the process is 
a chronic one. Whenever fresh exacerbations of an old process set in, 
the flat epithelia become more ntmierous* 

Columnar epithelia from the deepest layer of the bladder are found 
only in the severer processes, such as intense iiiftamniation, ulceration, 
hemorrhage, and tumors. Care must be taken not to mistake the folded 
upper layers for these more coarsely granular and more highly re- 
fractive epithelia — those from the upper layers being paler and finely 
granular. 

Mention should here be made of an oeeurrencei which, though it may 
be found m the epithelia of m\y organ, is most pronounced in the larger 
cuboidal epithelia of the bladder. In different epithelia from the middle 
layers, a number of nuclei or even newly formed* so-called endogenous 
pus-corpuscles will be found. Their number varies from two to four, five, 
or even more. That pusK^orpuscles are formed \rithin epithelia can be 
easily obser%^e(l, A few of thes^ new-formations can often be seen in dif* 
ferent inflammations, but larger numbers will Ise found in the epithelia 
only after a long-continued irritation through some pressure, usually 
from the outside. Such endogenous new-fonnations are seen in cas^ of 
hyjiertrophied prostate gland, undoubtedly caused b\' pressure of that 
organ upon the bladder, as well as in different exudations behind the 
bladder, sueli a^ a parametritic exudate or a timtior in the wall or vicinity 
of the bladder. 

All cuboidal and columnar epithelia may contain a vartdng number 
of secondarily develoi>ed, glistening fat-granules and -globules similar to 
those seen in the pus-cori>uscles. This is invariably an indication that 
the process has lasted for some time and is not an acute one, A large 
nimiber of the^e globules always indicates a clurmic ]irocess, 

Epiihelia from PelHs of Kidnry (see Fig. 51). — In the pelv^ of the 
kidneys the ej>ithelia also var\* considerably in shape, being partly globu- 
lar, but mostly irregular. Tlicy are smaller than those from the bladder, 
but larger than those from the ureters » the epithelia from which latter 
are almost always present with those from the pelves. The majority of 
the pelvic epithelia are caudate, ]>ear-shaped, or lenticular, though they 
are sometimes quite irregtilar; the regular, culx»idal sha|>es, smaller than 
those from the bladder, l)eiug less numerous. The epithelia are frequently 
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sjseeii mth uric-aekl gravel, wWch causes an irritation or inflammation of 
the i>elvis. 

Epithelia from the [/refers.— Epithelia from the ureters are rarely 
found alone, but usually with those from the pelvis. Their charaeteristic 
shape in the urine in most cases is round, globular., or sliglitly irregular, 




Fio. 51. — Epithklia rttoM PKLvra of Kidney and Uret^ir (X 600). 
P, Pelvifl of kidney; t/, ureter. 

being distinctly smaller than thc^e from the peh^s. They cannot be dif- 
ferentiated from the epithelia of the prostate gland, which they closely 
resemble. Their number in the urine is, as a rule, small; and the fact of 
their being associated with epithelia from the kidney and pelvis of kidney 
makes their diagnosis easy. Occasionally small columnar epithelia from 
the deepest layer are seen. These are caudate or pear-shaped and are 
found in deep-seated processes, such as ulcerations due to impacted cal- 
culi or tubercular lesions. In traumatism, which may be due to ureteral 
catheterization, they are not rarely present iJi the urine, 

Epithelia from the UTiniferous Tubules of Kidneys (see Fig. 52).^ — 
Epithelia from the uriniferous tubules are the most imjjortant of all the 
epithelia found in the urine and thoF^ most frequently overlooked. When- 
ever they are present in the urine, with pus-corpuscles, even when no 
casts whatever can be found, the diagiiasis of a jiathological process in 
the Icidney is certain, since they are never seen normally in urine. Two 
distinct forms are found: the cuboidal from the convoluted tubules, and 
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yyiffiif colimiiiar from the straiglit collecting tubules. These epithelia are 
distinctly smaller than either those from the jx'lvis of the kidney or the 
ureter in the same case, though their sizes vmy to a certain degree in dif- 
fereat ca^s. They are round, globular, or slightly irregular. 

In every case examined t!ie first step is to look for piis^eorpuscleSj 
which are known to be small in some individuals and comparatively large 
in others, and are usually the smallest granular corpuscles seen. They 
may var>' in size in the same ea,«ie, but to a slight degree only. As soon 
as these are decided uj>on, the next step is to determine whether bodies 
distinctly larger than these are present. If such bo^lieSi about one- third 
larger than pus-c^orpuscles, are found in at lea^t moderate numbers, we 
can be certain that they are epithelia from the convoluted and narrow 
tubules of the kidney. Tlie iji-esence or absence of a nucleus has no sig- 
nificance Tvhatever, although such a nucleus is usually found in the kitlney 
epithelia, but may be invisible in the pus-corpuscles. The relation be- 
tv%*een the size of the pus-corpuscle and that of the epithelia from the 
convoluted tubules is always the same; that is^ the latter are about one- 
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FlQ. 62. — EriTHELtA FKOM UrIM FERGUS TuPULES Of KiDxtrs (X 500). 

C, CoDVolulccI tubules; S, ettroigtit collecUtig tubuJ«9. 



third larger in diameter than the former* If the pu^corpuscles happen 
to be small in the case examined, the kidney epitheha will be small; but 
if large, the epithelia will be large. 

The comparative sizes of the different smaller formations found in the 
urine are illustrated in Fig. 53. The smallest corpuscles \\ith double con- 
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tour, and which are not granulaTj are the red blood-corpuscles ; the next 
in size, being the smallest granular corpuscles, are the pus-corpuscles; j 
then follow the smallest ej^ithelia found in urine, one-third larger than 
the pus-corpuscles^ — the epitheha from the convoluted tubules of the kid- 
ney. Finally I the next larger epithelia are shown, always about twice the 



O O © 



• •® e®^ ### 



Fio. 63. — Coscfahativ:e Sizes of CoaruscLEs and Epithelia (X SCO). 



diameter of the pus-corpuscles » which are either those from the ureters or 
the prostate gland, between which no tlifference can be noticed. If this 
relationship h kept in mind, no mistake can be made, though it must be 
remembered that when an inthvidual small formation is found, the diag- 
nosis cannot be made |>osi lively until compared with the pus-corpuscles* 

Besides the cnboidal epitheha, columnar epithelia from the straight 
collecting tubules are sometimes found. The latter are, as a nde, not aj5 
abundant as the former, and are almost invariably seen in larger numl>ers 
in the severer cases of nephritis only. Their size, as compared with that 
of the cnboidal epithelia, is about the same, they being narrow er* but 
elongated. In ver>^ acute cases of nephritis clusters of kidney epithelia, 
m w^ell as cast-like tubes of epitheha, though not necessarily true casts, 
may be found. 

Although it is the usual custom to rely entirely upon the presence of 
casts in the urine before making the diagnosis of a nephritis^ it wOl be 
found that casts are frec[uently absent, even in pronounced cases of kid- 
ney inflammations, as, for instance, in catarrhal or interstitial nephritis; 
and that even in cirrhosis of the kidney, casts are, as a rule, entirely ab- 
sent, or, if present, are extremely scanty. If care is taken to look for 
epithelia about one-tliird larger than pus-coqiuscles, the tUagnosis of a 
nephritis can be made in many cases which are otherwise overlooked, 
even though a small or even moderate amount of albumin be present in 
the urine. Too much stress cannot be laid upon this fact, as, in many 
cases w^here the clinical s\Tiiptoms undoubtedly point to a nephritis, the 
diagnasis is abandoned because no easts are found. This variety of 
nephritis is much more common than is usually supposed, though in 
most cases of a milder character than the parenchymatous variety, and 
it may often la^t for a number of years without being detected. 

The diagnosis of epithelia from the upper urinary tract has of late 
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years been simplified by iireteml catheterization. Whenever such mines, 

obtained by means of the ureteral catheter, are examinecl, where the 
pr^ence of epithelia from the blailder or the genital tract can positively 
be excluded, only those epithelia which have been des^cribed as being de- 
rivetl from the ureti?r, i>elvii^ of kidney , and urimfcroug tubules are found < 

Epithelia Found in Urine of Male. — The epithelia found in the urine 
of the male are those from the urethra, the prostate gland and its duct, 
the seminal vesicles^ and the ejaculator>^ duct. 

Epithelia fram Urethra (see Fig. 54). — ^The epithelia from the urethm 
vary corti^iderably in size and shape, being partly flat, partly cuboidal, 
and parlly columnar, and in most cases; are comparatively large and ir- 
regular, so that they can be easily diagnosed. The larger irregular, partly 
flat, partly cuboidal epithelia are seen in milder inflammations^ such aa 
the first stages of catarrhal or gonorrhceal inflammations; the irregular 
colunmar or cylindrical epithelia occur only in deeply seated infianmia^ 
tionB or ulcerations, which often lead to the formation of a stricture, 

Epiihdia from Prostute Gland (see Fig. 55).— The epithelia from the 
prc^tate gland are partly cuboidal and partly columnar, the latter orig- 




Pia* 54, — EprrBiiLiA fhom Ubkthka ( X 600). 



inating both in the alveoli and the excretory ducts of the gland. The 
cuboidal epithelia are of exactly the same size as the cuboidal epithelia 
from the ureters, being about twice as large as the ]>us- corpuscles in every 
case, and distinctly larger than tha^^ from the convoluted tubules of the 
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kidney. WTien epithelia of this size are seen in a given case, care must 
lie observed to take the relative numbers of these, as well as of those from 
the convolutetl tubules and the j>elvis of the kidney, into consideration 
before reaching a fx)sitive diagnosis. For instance, if they are present in 
large numbers, while those from the kidnej^s and pelves are entirely ab- 




FiQ. 55. — Epithelia from PnosTATt Gi^and, Seminal VeisicleSi and Eiaculatohy 

Ducts (X 500). 
Pf PriMtjite gland and its ducUi E, ejaculatory ducts; S, seminal vedded, 

sent or seen in small niimljcrs only, they are undoubtedly prostatic. The 
clinical history^ if known, will, of course, dear up this point still further 

The columnar epitheliaj partly from the ducts of the gland, which are 
distinctly larger than those from the straight collecting tubule*? of the 
kidney, are rarely absent in jjathological process^ of the prostate gland, 
and ^ill render the diagnosis plain, ^nce columnar epithelia from the 
ureters, which they resemble, are not frequently seen, and, when present, 
are usually found in small numbers only. The latter also are more cau- 
date than the former. 

In many cases of posterior urethritis associated with prastatitis, 
grfnips of round, oval, or slightly irregular epithelia are found. These 
are larger than the prostatic epithelia just tlescribetl, resembling in si^e 
the cuboidal epithelia from the pelvis of the kidney, but are pale, usually 
fitiely granular, with their nuclei frequently indistinct. They are hy- 
dropic, and may be derived from both the prostate gland and the pros- 
tatic jTortion of the urethra. 

Mention should he made here of the fact that in rarer cases pale, con- 
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centric formations of varydng sizes are found ^ith the prostatic epithelia. 
These are the so-called prostatic concretions, colloid or amyloid corpus- 
cles of the prostate gland (see Fig. 56) . They are irregular, partly oval, 
partly angular bodies, which ha^^e a high refraction and a more or less 
pronounced concentric striation, frequently with an irregular centra! nu- 
cleus. Their number seems to be augmented in some cases of hyper- 
trophy of the gland. 

EpiOulia from Seminal Vemcles.— epithelia from the seminal vesicles 
{see Fig. 55) are frequently associated ^\ith thoF^ from tlic prostate gland. 
Their presence in urine with pus-corpuscles indicates an tnflarnmation or 
suppuration in the vesicles. These epithelia are always columnar and 
non-ciliated. They are more or less irregular, either of the same size or 
slightly larger than the columnar epithelia from the prostate, and in the 
organ contain yellow^ pigment. The pigment is sometimes, but not al- 
ways, seen in the epithelia in urine. 

Epiihelki from Ejaculaiory Ducts, — Epithelia from the ejaculatory 
ducts may also be found in the urine. They are of the columnar ciliated 
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variety, and perfectly characteristtc. Tlie cilia are not alw^a}^ seen, since 
they break off easily and become lost: but delicate parallel rods in the 
interior of the epithelia, near their basal surface^ may then indicate that 
the epithelia were originally ciliated. When no cilia or rods are found, 
their size alone will usually be sufficient for a diagnosis, as they are 
smaller and considerably narrower than those from the bladder* 
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SperTna. — Not iiifrequently s^iemia, thp characteristic ingredients of 
which arc the sfiermatozoa. is found in urine, normally a.s well as patho- 
logically- This will be the case after sexual intercourse, as well as after 
emissions, and in spermatorrhcBa, which latter can best be diagnosed 
from the almost constant presence of six^rma in nrine, es^jecially the first 
urine voided in the morning. When spemia Ls found in small amoimt 
only, the appearance of the urine is not changed; but when present in 
large amount, cloudy, flaky deposits are seen, which, when examined, 
prove to be sperma. 

In urine the positive diagnosis of !?|3erma can only be made when 
spermatozoa are found, though prostatic epithclia, and occasionally sper- 
matic concretions, may be present (see Fig. 56). The other ingredients 
of sperma, such as the sperma crystals, are rarely seen in urine. 

Sj>ermatozoa, which are about if J-^ or -grj^j- of an inch long, consist of a 
flattened, oval, or pear-shaped hea^l, a small cylindrical middle portion 
or neck, which, however, is not alw^ays seen, and a long, w^avy, tapering 
tail, considerably broatler at the head than at the end. In jierfectly fresh 
urine a slight motion of the sj^ermatozoa may be visible for a short time, 
but disapi>ears very soon. They are extremely resistant toward chem- 
ical reagents, and may be found w^ell preserved in urine after days, even 
when it is strongly alkaline. 

The number of spennatozoa in urine varies greatly- Under normal 
conditions the spennatozoa are rarely abundant, while in cases of sperm a- 
torrhcea they are usuaDy quite mmierous and may be present in very 
large numbers. In cases of spermatocystitis or seminal vesiculitk they 
are frequently seen^ and many of them will be found changed, the head 
gradually enlarging, becoming more round and often granular- It is not 
unusual for the head to assume the size of a pus-corpuscle, w^hich it may 
resemble to ^uch a degree that it Ls imix)ssihle to difFcrentiate it from the 
latter; in appearance, it is like a pus-eori^uscle with a tail. In these cases 
pus-eori)uscl<^, epithelia from the prostate gland, from the seminal ves- 
icle, and frequently also from the ejaculatory ducts will be present. 

Ureihral and Gleel-7'hreuds.— Although no distinction shoidtl be made 
between urethral and gleet-threads or filaments (the latter originating in 
the urethra), there are cases in which men who have never suffered from 
gonorrhoea will void small, transparent mucus-threads or filaments with 
the first morning urine. The^ are alw^ays scanty, and consist of nothing 
but mucus, both threads and corpuscles, together with the larger* flat, 
superficial urethral epithelia. These masses are conglomerations of mu- 
cus in the urethra, and are not pathological. 

On the other hand, we find in the urine of persons who have suffered 
from gonoirhoca, at one time or another, either only a short time pre- 
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viously or many years before, a varj'ing numl^er of filaments, which dif- 
fer in size and may appear either perfectly traiisparent or more or leas 
opaque. These are the regular gleet-threads (see Fig. 57). 

It is not imcommon to finfl such filaments accidentally in the urine of 
persons who, though they suffered from gonorrhtea a long time previ- 
ously, have not noticed any symptoms for years. In ihe^ cajses they 
are* of course, small and scanty. More frecjuently are they found in 
those cases of chronic gonorrhfpa in which slight symptoms, such o^ a 
moisture at the orifice of the urethra or an ailbesion of the lips of the 
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meatus in the morning, with subsetiuent discharge of a minute drop of 
either mucous or muco- purulent fluid, are present. The uuraber of fila- 
ments in cases of this kind is at times very targe. Fortunately, gonococci 
are not found in all these causes, but may be entirely absent in the larger 
numl*er, and repeatctt careful examinations will fail to find them. 

RegHJtlar gleet-threads consist of mucusi pus-corpuscles (the latter usu- 
ally abundant in the more pronounced case^), and a varying number of 
epithelia from the urethra and the prostate gland ; sometimes, also, from 
the neck of the bladder. The larger number of pus-corpuscli^, as well as 
most of the epithelia. will be found studded with fat-globules and -gran- 
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uleSi which latter arc not infrequently seen in smaller or larger groups 
upon and between the mucus, ouUside of the pus-corpuscles and epithelia* 
The more chronic the case, the more numerous are the fat-globules. The 
appearance of such so-called gleet- threads under the microscope is always 




FjQ. SS.^EPITHELIA FROM THF. VaGIXA I ■ 5(H>:i, 

Uj Upper layers; UF, upper layers folded; 5/, middle hivt.rd; Ift deepest la.yer. 



perfectly characteristic, though the name is misleading, since, when they 
are large, a number of fields can be found crowded with pus-corpuscles, 
mucus, and epithelia not in the least resembling a thread. 

The more severe the case, the more abundant are the pus-corpuscles, 
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and care is nccessaxy in such ca^es not to make an error in the diagnosis, 
which would be easy when the presence of gleet-threads is not siu5i>ecte<L 
A wTong diagnosis of an abscess might thus be made, although such a 
thagnosis is never justified without the presence of a number of coniiertive- 
tissne shreds, which are never seen here. In the milder forms the nmeus 
is abundant, and the pus-corpuscles mixed with it often change and as- 
sume A^arious irregular shapes, the spindle shajw being frequent. It is 
impossible to judge of the chronicity of a case from thesCj as has been 
clainieLL Again, the pns-corpuscles may swell and become hydropic, or 
the cover gloss may have been acdden tally pressed in mountuig the speci- 
men, either of which is sufficient to change the appearance of the pus- 
corpiLscles. Spermatozoa may at times be found mixed with the gjeet- 
threads, but will, of course, not affect the diagnosis in an}' form. 

Epithelia Found in Urine of Female,— The epitheha found in the 
urine of the female arc thcjse from the vagina, the Bartholinian gland; 
the cervix of the uterus, and the mucosa of the n terns. 

Epithelia from Vagina. — ^The epithelia from the vagina are the lai^est 
found in the urine; those from the upi^er layers are flat, those from the 
middle layers are euboidal> and those from the deepest layer are colum- 
nar (see Fig. 58). 

The flat epithelia are present in varying numljcrs in most female 
urin^, and when found alone have no significance, since they continually 
desquamate in health. When leucorrha^a is present ^ as is almost always 
the cm^e, in a small degree, in healthy women who have borne children, 
their number is considerably augmented. They may be found singly or 
in variously sized clusters, and are always large, irregular, and usually 
studded with bacteria — both cocci and bacilli. They frequenHy contain 
large fat-globuleS| which, of course, have here no significance; they are 
often seen folded or edgewise, when they are narrow but irregular, and 
cannot l>e mistaken for columnar epithelia. Their granulation is fine^ and 
the epithelia, therefore, pale. 

The cuboidal epithelia from the middle layers are abundant in inflam- 
mations of the vajpna. They are considerabiy larger than those from the 
bladder, have one or more nuclei, and in chronic inflammations contain 
fat -granules and -globules. These are also found in cluster? of consider- 
able Size. 

The columnar epithelia from the deepest layer^ much larger than 
those from the bladder, are seen only in intense, deep-seated inflamma- 
tions or ulcerations^ where they may sometimes be found in large num- 
bers. 

Smegfna.— Of common occurrence in the mine of the female are clus- 
ters of epidermal scal^, so-called smegma, partly from the clitoris, partly 
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from the labia* or from the vagina. Smegma may also be foimd in small 
amount in the male, from the ]>repuce, but here it is not so common nor 
seen in such enormous manses as in the female (see Fig, 59), 

Smegma consists of elosel}^ packed miu^ses of variously nizetl epidermal 
scales filled to a greater or less degree with bacteiia^both cocci and ba- 




FlQ. 60. SlIEQUA FKOM THE CuTORIS (X 450)* 

cilii — anfi also with extraneous fat^-globuleSi as well as part idea of dirt* 
The individual scales, as before said, are never nucleated and rarely 
graniilar, but appear shnmken. Such masses, which have been seen to 
Qover an entire field of the microscope, are highly refracti%^e, and when 
large can be seen with the naked eye, 

Epithelm fnmi Barlholimun Gland (see Fig. 60).— The epitlielia from 
the Barthohniaii gland resemble in size the round or slip^htJy irregular 
epithelia from the prostate gland in the male, being about twice the di- 
ameter of pus-cor[3uscles. They are fre<piently present when the vaginal 
epithelia are fovmd in moderate or large quantities. 

Epiihdia from Cervix Uteri. — Epitheha from the cer\dcal portion of 
the uterus arc partly flat, partly cuboidal, and partly columnar, and qtiite 
large, though considerably smaller than those from the vagina, and al- 
ways more irregular. These epithelia may be characteristic, but they 
sometimes so resemble the irregular epithelia from the urethra as to be 
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clifficiilt of differentiation. The latter are found in the female aa well as 
the male, though generally in smaller numbers, 

Epithelia from Mueom Uteris — Epithelia from the mucosa of the 
litems, indicating a catarrhal endometritis^, are also not rare in the urine. 
They are delicate, columnar, ciliated formations, smaller than those de- 
scribed as Wing derived from the ejaculatory duels. The cilia on the 
surface of the^e epithelia are frecjuently well marked | and as man^^ a^ 
three or four may be fountl; occasionally, however, they are broken off. 
With them we may see ciliated pui^corpuscles, which arise from the epi- 
thelia, and cannot come from any other locaHty than the uterus. In 
freshly voided urine the eilia from both these formations may be seen iu 
wa\^ng motion. 

If the epithelia just described are carefull}' studied, %ve will soon be- 
come coniinced that the formations from the different organs of the 
genito-urinary tract can undoubtedly be differentiated, and that diag- 
noses of the different lesions can be made with great certainty* In every 




FYo. 60.^Ef tTBELiA TROM Bartholinian GlanDj Cebtix UterIj anu Mucosa Uteri 

(X 5r>0). 
BE^ BarthoIiniAn gland ^ CEf eervix Uteri ; VE, mupofla uteri. 

case in which at least a moderate number of epithelia is found in the 
urine, most of these are characteristic of the organ from which they are 
derived. There will, of course, always be a few whose origin must remain 
doubtful, but these are not sufficiently numerous to cause errors. The 
more cases we examine^ the more convinced we w ill become of this fact. 
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The clinical history of the case will bear out the microscopical diagnosis 
every time, and frequently the microscope gives the first indication of 
some pathological condition which has as yet escaped detection, but 
which sooner or later is bound to give clinical symptoms. In no organ is 
this more pronounced than in the kidney, where mild cases of nephritis, 
which unfortunately escape detection for months or years, may be pres- 
ent, until suddenly the pronounced symptoms of a chronic nephritis or a 
cirrhosis of the kidney develop. Conscientious examination of the urine 
for kidney epithelia and pus corpuscles will often repay the physician in 
cases where, although he has found a trace of albumin, he will banish 
from his mind all idea of an inflammation of the kidneys because no casts 
are present. 



CHAPTER XIL 



MUCUS AND CONNECTIVE TISSUE. 



L MUCUS. 



Mucus is found in small amount in every normal urine, being, as a 
rule, more abundant in females. It appears in the form of threads and 
corpuscle, and m a normal physiological product of the epithelia {see 
Fig. 61). 

Mucius-threads are finely striated, pale, often scarcely perceptible 
strin^H of tlifferent sizes. In normal urine they are always small; but in 
i iflannnations, especially those of the genital tract, may iissume large 
proi>ortinns. The siring are made up of pale, more or less parallel fibres, 
anil when large may branch in different directions. 

Besides threads ^ mucus-corpuscles are of frequent occurrence. Th^e 
corpuscles vary in size from that of a pus-corpuscle to that of larger epi- 
thelia; are pale, more or less irregular in outline, ah^ays finely granular, 
and non-nucleated. They are easily distinguished from pus-corpuscles by 
their greatly var\4ng sizes, pale appearance, and absence of a nucleus, 
l^'hich latter is seen in finely granular pus-corpuscles. 

Mucus-threads not iTifref|uenth' api>ear in the form of delicate^ stri- 
ated formations, resembling cmX&, the so-called cylindroids or nmcus- 
casts (see Fig. 62). Although at times greatly resembling hyaline casts 
in their outline, they can usually lie distiiiguishctj from them by their ir- 
regular contours, their tapering ends, and their more or less striated in- 
terior, since they are nothing but conglomerations of miicus-fiivres. They 
may be ijuite long and are often twisted and folded. The}^ may be found 
whenever mucus Is present in larger amounts, and may be derived from 
any portion of the genito-urinarv^ tract. They undoubtedly have no 
further sigiiificance than mucus in general. 

Mucus is grejitly augmented! in all inflammaton^ conditions, but more 
especially in iuflammntions of the bladder and the genital organs, such as 
flie urethra, prostate gland, and va^ia. In the latter, mucus-threads 
are often large, cyliiulrical, and twisted, and may be perceptible to the 
nake<l eye. The so-called gleet-threads are nothing but conglomerations 
of mucusj in which large numbers of pus-corpuscles and epithelia are em- 
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bedded. Irritation of the urinar\^ tract, due to highly acid urine, con- 
taining uric acid and sodium urate, increases the amount of mucus, and, 
the urates being precipitated uj^on it, the stringy nuisses become more 
easily perceptible. Fat-granules and -globules, so frequently found in the 
urine, may also conglomerate upon mucus-threads and so-called cylin- 
droids. 

In chronic inflammations of the bladder the urine appears ropy, on 




FlO. Gl. MUCUS-TIIREADS AND -CoRI»USCLES (X 500). 

account of the abundance of mucus. Simple irritation of the sexual or- 
gans is sulllcient to increase th(* amount of nuicus, and if sperma is mixed 
with the urine its nuicous constituents appear as pale, flaky masses en- 
tangled with spemiatozoa. 

Finally, an increased amount of mucus may be seen in the urine in 
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different febrile conditions, without an}' inflammation in the urinary 
tract; and in acute contagious diseases, such as scarlet fever, it fre- 
quently appears as a precursor of a nephritis. 




Fia. 62. — Mucus-Casts or Cylindroids ( X 500). 



II. CONNECTIVE TISSUE. 



As all the organs containing epithelia also contain connective tissue, 
it is evident that this formation can frequently be found in the urine, 
though only in the more intense, deeper-seated pathological processes. 
Its occurrence has, however, been entirely overlooked, except in the rare 
cases in which particles of tumors, especially from cancers, have been found 
in the urine. That connective-tissue shreds are of comparatively common 
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occurrence was first pointed out by Carl Heitzmann, who describee! their 
appearance under a number of different conditions. The reason for their 
being overlooked seems to be, partly^ that in many cases they are small, 
though easily seen, and partly that they have been mistaken for mucus- 
string or extratieous substanoee, such as linen and cotton fibres* 




Fro, 63. — CoNNEenv^-TiwitrB Bhhed® { X 500). 



Connective-tissue shreds (see Fig. 63) vary in size, and are made up 
of wav>% moilerately refractive fibres, the iBiUvidual fibres being rarely 
single, but eonglomerateil in the form of small, irrojz:iUar bimdJe.s, which 
again form larger bundles. Thei^ bundles, then, are always fibrillary and 
frequently finely gramdar, sometimes even containing formations resem- 
bling nuclei — the connective-tksue corpuscle. They may be so small 
and delicate as entirely to e^scape detection with a magnifying power of 
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than 500 diameters, or so large as to cover half or even the entire 

length of a field, and of var\nng thickness. They are easily differentiated 

^from mucus-threads by their moderate refraction and their wavy, irregu- 

fibres, in contradistinction to the pale appearance and more or less 

' Tegular fibres of mucus, which frequently run in a parallel direction for a 

considerable rlistance. On the other hand, linen fibres, or, rather, the 

snialier fibrilla? of linen, with which they might also be confonntleti, are 

k of a still higher refraction, and are coarser, the individual fibrill^e being 

■Bplit up in an entirely dififerent manner, and are never as wavy as the 

connective-tissue shreds. 

The pathological conditions under which connective-tiseue shreds are 
found may be ili\ided into the following ; 
Ulceration. 
Suppuration, 
Hemorrhage, 
Tratimatism* 
Tumors. 
6. Hypertrophy of the prc^tate gland, with inflammation of 

that organ. 
7* Stricture of the urethra. 

8, Cirrhosii* of the kidney. 

9. Atrophy of the kidney. 
10. In all other intense inflammatory processes, but in small 

amount only. 

As an example of the latter, the croupous or parenchymatous inflam- 
mation of the kidney may be mentioned, in which, if it is at all severe, 
connective- tissue shreds will be found in small numbers. 

1, Ulceration, — Ulcerative processes are quite common occurrences, 
and may be fouitd in any part of the gen i to-urinary tract, Init more es[ie- 
cially in the bladder, pehis of kidney ^ urethra, and vagina. In such 
idcers the eonneetive-tissue shreds are usually broad and numerous, pu&- 
coqiuscles are present in moderate or fairly large numbers, and the loca- 
tion of the ulcer can always be determined hy the presence of the charac- 

eristic epithelia; these are abundant, and found not only from the more 
super fieiaU but also from the deeper layers. Brides- these formations, 
the fresh!}' voidetl urine contains variously sized conglomeratioJLs of 
cocci, in the form of zoogla^a masses, especially around the connective- 
^ tissue shreds, as well as small numbers of other bacteria. 

2. Suppuraiion. — The presence of an abscess in any organ can be 
diagnosed when connective-tissue shreds in large nnmhers are seen with 
numerous pus-corpuscles and epithelia from the organ in which the alv 
scess is situated, tliis being most frequently either the kidney, the pelvis 
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of tjie kidney, the prastate gland, or the seminal vesicles. In many cases 
we will also see pronounced endogenous new-fomiations in the epithelia 
of the neighboring organs, as the result 'of pressure upon that organ, 
An abscess of the prostate gland, for instance, may give endogenous new- 
formationE in the epithelia of the bladder, as well as of the urethra. 
Large numbers of pus-corpiLscles and epithelia alone, without the pre^ 
ence of connective-tissue shreds, are never sufficient to diagnose an ab- 
scess. As soon, however, as these shreds, shoiaing a destructive process. 
are founds the diagnosis becomes plain. The connective- tissue shreds, 
although always quite numerous^ may varj' considerably in size. 

3. Hemorrhage.— In hemorrhages of the gen i to-urinary tract, it is 
often quite difficult to find the epitlielia showing their source — the more 
abundant the hemorrhage, the greater the difficulty. It sometimes re- 
quires hours to arrive at a definite conclusion, though a certain number 
of epithelia will always l>e found sooner ot later. In all such cases con- 
nective-tissue shreds are present, but are occasionally quite scanty and 
small, except when the hemorrhage is due to a tumor. They have, as a 
rule, a yellov^dBh tint, from the coloring matter of the blood. In hemor- 
rhages red blood-corpuscles are very abundant, and white blood-corpus- 
cles are generally seen in small numbers. Strings of fibrin, which must 
not be mistaken for connective tissue, are found in many of these cases, 
but puft-corpuscles are absent as long as there is no inflammation^ if a 
hemorrhage intervenes upon an inflammation, all the evidences of the 
latter will, of course, be jjresent with the former. 

4, Traumatimn. — Since traumatism, due to various causes, is frequently 
accompanied by hemorrhages or even ulcerations, the features would be 
those above given* There are^ however, cases in w^hich the injury does 
not cause a pronounced hemorrhage, yet the dt^tructi%^e process to the 
tissue is sufficient for connective-tissue shreds to apjiear in the urine, 
with but a few reil blood-corpuacles. Among these ma\^ be mentioned 
slight injuries, due to the passage of a small amount of gravel ; injury to 
the ureter, due to the passage of the ureteral catheter, which may be 
quite ex tensive 5 mechanical injury of the orifice of the vagina, due to 
masturbation; or injuries of the cer^^ix uteri. In mechanical injuries, 
such as aiB caused by masturbation, vaginal epithelia from all three 
layers are found, t^^gether with a large numljer of epidermal scales from 
the labia, usually containing fat-globules, epithelia from the Bartholinian 
gland, a few pus-corpuscles, |}Ossibly a few red blood-corpuscles, and a 
small or moderate numljer of connective-tissue shreds. When the num- 
ber of vaginal epithelia is not large, and connective- tissue shreds appear 
with niunerouB irregular epithelia from the cer\4x, with only a few pus- 
corpuscles, injuries around the cervix are indicated. Although of com- 
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paratively .small practical importance^ it must be known that conncctive- 
^ tissue shxecb iii the lirine of females may be due to such causes. 

5, Tuvwr^, — In all tumors whicli can be diagnosed from the urine, 
such as papilloma, sarcoma, and cancer, eomiective-tissue shreds are the 
most important diagnostic features, mthout which the presence of a tu- 
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mor cannot be positively diagnosed. Besides these, other evidences of a 
tumor are frequently founds though the connective-tissue shreds them- 
selves may be characteristic enough for a diagnosis. 

In papilloma such shreds are always large, very irregular, frequently 
branched J and often assume the shape of coils or knobs (see Fig. 64), 
9 
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Tht*y are coarsely granular ant I may contain a number of inflammatory 
corpuscle®. In rare cases blood-vessels in process of formation or fully 
developed may also be found in them. Besides these large uiasses, the 
regular connective-tissue shreds aro also present in varying amount. A 
number of irreg:ular, coarsely granular epitheliat the covering epithelia of 
the papilloma, will usually be seen in such cases, though they are not 
found in situ and are not of much value for a diagnosb?. 

In cancer of the bladder ^ especially villous or papillary , the connec- 
tive- tissue shreds are occasionally still larger and more irregular » forming 
so-called cauliflower-like excrescences. They arc infiltrated with inflam- 
matory corpuscles, sometimes to a great degree, and often contain large 
cancer epithelia or even epithelial nests. Besides these shretls, such 
cases contain a varj^ing number of epithelia about the size of those from 
the middle layers of the bladder, but extremely irregular, coarsely granu- 
lar, antl having nimierous nuclei or pus-corpuscles in their interior — the 
so-calletl endogenous new-formations. In rarer cases variously si^ied can- 
cer nests are also present. As a rule, both the connective-tissue shreds 
and the epithelia are seen crowded w^th fat-globules and -granules. Tlie 
epithelia alone are never sufficient for a diagnosis, but as soon as the 
shreds just described arc present the case becomes plain. That pus-cor- 
puscles, bladder epithelia, and usually red blood-corpuscles are always 
foimd in these tumors is e\ident. 

In sarcoma, which can develop in any organ of the geni to- urinary tract 
and the location of which can be diagnosed according to the epithelia 
present, the connective-tissue shreds are frequently of very large size, but 
not characteristic. Here peculiar, glistening, coarsely granular, almost 
homogeneous corpuscles, smaller than pus-corpuscles but larger than red 
blood-corpuscles, are found in large numl>ers and variously sized groups, 

6. Hypertrophy of Prostate Gland. — An enlargement of the prostate 
gland, when slight and unaccompanied by an inflammation, does not 
give connective-tissue slu*eds in the imne. As soon, however, as the 
hj'pertrophy becomes more pronounced and is accompanied by an in- 
flammation, connective- tissue shreds, which may be email and scanty, 
appear in the urine^ with pus-corpuscles and epithelia from the prostate 
gland and duct. Besides these features, we asually And the endogenous 
new-formations in the epithelia of the bladder or urethra^ or both. 

7. Stridure of Urethra, — A diagnosis of stricture of the urethra ea^ 
also be made in a number of cases from an examination of tlie urine. 
This is of little practical value. In these cases cuboidal and columnar 
epithelia from the urethra, many of which have pronounced endogenous 
new- formations, arc found wnth pus^corpuscles, retl blood-cor|>iLScles, and 
connective-tissue shreds in varying numbers. The features of an existing , 
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hypertrophy of the prostate or a stricture of the urethra are not neces- 
sarily found in every specimen of urine. 

8, 9. Cirrhosis and Atrophy of Kidnap, — Every chronic interstitial 
nephritis sooner or later leads to cirrhosis of the kidney, and ever>' chronic 
parenchymatous nephritis to atrophy of the kidney. In both of these af- 
fections connective-tissue shreds are also present, usually in small amount 
only in cirrhosis, but always in larger amount in atrophy. The features 
found in the urine in these diseases, besides connective-tissue shreds, are 
numerous and so constant that a diagnosis is simple. 

10. That connective-tissue shreds may be also found in small num- 
bers in every intense inflammation, is evident from what has been said. 
In tuberculosis of any organ of the geni to-urinary tract, for instance, 
even if as yet unaccompanied by ulceration, a few shreds may be present 
in the urine. As soon a^.- connective-tissue shreds, however small, are 
found, it becomes evident that the pathological process cannot be a mild 
one. 



CHAPTER XIII, 

TUBULAR a^STS, 

Tubular casts were first carefully describcil as occurring in the tu- 
bule of the kidney and found in the urine by Henlc in the year 1842, al- 
though they were i>robably seen a few j^ears before that time by difTerent 
observers. Many years later^ in 1867, Ro\dda gave a thorough account 
of their nature and fomiation. Henle considered them to \:>e coagulated 
fibrin, but the \iews concerning their origin have become greatly changed 
since that time. They were at one time considereil to be products of 
secretion of the epitheliaof the tulmles, at another time to he transformed 
or tijsintegrated epithelia. I^ater on, the blood-vessels were supjx>&ed to 
be princifmlly concerned in their production » at least in that of the hyur- 
line casts, without any participation of the epithelia. 

One of the oMer views was that casts are produced by the coagula- 
tion of an albuminous substance , the supjKisition being based upon the 
fact that the [>resence of casts in the urine depencls upon the admixture 
of albumin, since they are found in conditions accompanied by albumin; 
and the more abuntlant the albumin, the more likely it is that costs are 
present. This view seems to be nearly correct. Casts arc probably the 
products of an albuminous exudation from the blood-vessels, with the 
atUlition of the swollen and destroyed epithelia* In almost all cases 
where casts are present, albumin is found in moderate or large amount; 
but there are undoubteilly cases in which the amoimt of albumin Ls small, 
and, it LS claimed, may even be entirely absent. The latter is, however, 
doubtful. The amount of albumin may be so small as to esca|)e detection 
by the usual chemical methods employed; but, according to this \new of 
their formation, it would seem that a small amount, at least, must be 
present in cver^" case. 

The a[>pcarance of easts in the urine is alwa^'s of the highest diagnos- 
tic imjjortance, and, if foimd in any amount, they indicate the presence 
of a croupous or parenchvmatous nephritis, the more so the larger the 
accompanying amount of albumin- It is asserted that a mere hypersemia 
of the kidneys may suffice to throw casts into the urine, and also that 
casts can l>e found in small numl>ers when the kidne>'s are perfectly in- 
tact. They have bceji described in cases of gastro-inte-stinal catarrh, in 
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jaundice, acute and chronic an^cmia^ m well us iu nervous affections of 

different kinds, without any accompanying inflammation of the kidneys* 
As they have been foimd in very smaJl numbers only in all sueh c^L&m, it 
is an open question whether triie casts were seen, or only cylindroids, 
which at times it is almost imixjssible to distinguish froiu hyahne eaets. 
Since casts are always the products of an inflammatory process, they can 
harilly be found in plain hypenBmia of the kidney, unaccompanied by an 
inflaramation. 

In order to guard positively against any errors in the diagnosis, it is 
imiKjrtant always to look for other evidences of inflammation in the 
urine, when casts are believed to be present. As soon as they are found, 
the nature of the formations is plain. Great difficulty seems to exist 
sometimes in finding casts, even when they are known to exist, since at 
times they will not settle for a niiml>er of hours. If urine Is alloweci to 
stand for at least six houns and is then carefully decanted, the casts, if 
any are present, will surely be found in the sediment at the bottom of the 
vessel. Attention sliould also be called to the fact that low magixifying 
powers are unreliable for the detection of casts, and that a power of at 
least 400 diameters shoidd always be used. Another necessar>^ precaution 
is to examine more than one specimen before positively determining m to 
the presence or absence of casts. With a little care, the centrifuge can 
undoubtedly be usetl, but unleas it fe of great importance to examine a 
specimen of urine at once, the older method Is preferable. 

Casts have l>een divided in many different ways^ but perhaps the sim- 
plest Ls to divide them into tnie cast?i and faUe or pseudo-casts. The for- 
mer alone denote the presence of a nephritis, while the latter are accidental 
formations. 



I. TRUE CASTS. 



True tube casta are of sis varieties. These are: 
L Hyaline casts, 

2. Epithelial casts* 

3. Blood casts. 

4. Granular casts* 
5* Fatty casts, 

6. Wa.xy casta. 
Generally speaking, the first three varieties^hyaline, epithelial, and 
blood casts^are found in an acute parenchymatous or croupous nephritis, 
while the last three — i.e., granular, fatty, and waxy casta — are found in a 
chronic parenchMnatousi inflammation of the kidney. In the first few 
weeks of the inflammatioiu granular casts rarely appecLr, fatty and waxy 
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casts never; but as soon as the absolutely acute attack eonunenc^ to 
suliside and the inflammation assumes a more subacute form, granular 
casts, first in j^mall, then in larger numliers, are always seen, while the 
hyaline and epithelial casts are still abundant. Fatty and waxy casts 
are secondary ]>ro(lucts, and are never fountl until a nephritis has lasted 
for some time, although mixed epitheUal and granular easts, commencing 
to become fatty, may be found five or six weeks after the beginning of 
the inflammation. 

Ail true casts may appear in three distinct sizes, according to the por- 
tion of the uriniferous tubules from which they originate. The narrowest 
e&sts are those formetl in the narrow tubules, the next in size from the 
distal convoluted tubules, while the largest are always fonned in the 
straight collecting tubules. Casts from the proximal eonvohited tubules, 
those directly arising from the capsule of the tuft, never appear in the 
urine, since they cannot pass the narrow tubules. 

Although not generally admitted, a great prognostic value undoubt- 
edly attaches to the size of the casts. The mildest degrees of the disease 
are usually indicated by casts from the narrow tubules, and a small num- 
ber of east^ from the convoluted tubules. Not infrequently pedunculated 
casts are met with; that is, formations from the place of transition of the 
narrow tubules into the distal convoluted tubules. Casts from the con- 
voluted tubules justify the diagnosis of parench\*Tnatous nephritis in the 
cortical substance. Casts of all three sizes, the largest arising from the 
straight collecting tubules, }>ermit of a conclusion of parenchymatous ne- 
phritis in the whole organ, and upon this condition a very unfavorable 
prognosis can be established. 

Based upon these simple facts, a good or bad prognosis can be given 
in many cases where the clinical features are too obscure to be of any 
practical value; and not infrequently the bad prognosis, which has to be 
given on account of the presence of many large casts from the straight 
collecting tubides, and which does not at fii^t seem justified by the scar- 
city of clinical symptoms, is soon borne out by the fatal end of the case. 

That, besides the&e facts, stress must always be laid upon the general 
constitution of the patient, which , as prevdoxisly explained, can be posi- 
tively recognized by the appearance of the pus-corpuscles, need hardly 
be mentioned again. A careful examination of all the pus-corpuscles 
present in a given case will invariably show how much the constitution 
has been im]>aired by disease ; the paler the pus^corpuscles the more un- 
favorable the prognosis^ and^ therefore, the worse the constitution of the 
patient at the time of examination. 

1. Hyaline Casts (see Fig. 65). — Hyahne casts are pale, transparent 
formations of variable length, sometimes of considerable size, and not in- 
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frequently difficult of detection in the urine. Those from the convoluted 
and straight collecting tubules are usually more or less regular, though the 
latter may be very broad; those from the narrow tubules are occasionally 
tortuous or spiral, and at times exceedingly narrow and delicate. As a 
rule, these casts are absolutely structureless, but at times a pale granula- 




Fio. 65. — Hyaline Casts ( X 500). 

Upper row, from convoluted tubules; middle row, from narrow tubules; lowest row, 

from straight collecting tubules. 

tion is noticeable in them, though this is not sufficiently marked to allow 
of their classification as granular casts. Different formations, such as pus- 
corpuscles and fat-globules, may be seen upon them in small numbers, 
but are accidental and do not change the diagnosis. In rare cases these 
casts may appear more solid and of higher refraction, though their hya- 
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line character is undoubted, and they must not be mistaken for waxy 
casts* 

When ver}^ delicate and pale, it has l^een ad\i9ed to color the casts by 
the addition of a drop of iodine-iodide of potash solution (iodine, 1 part; 
iodide of potash, 2 parts; water, 300 parts) upon the slide, which v\ill 
etain them yellow and render them more distinct. This is rarely neces- 
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FiQ. 66. — EpTTHXLiAi. Casts ( X 500)* 

tipper TOW, from convoluted tubules : middle row, from narrow tubules ; lowest row, 

from, straight collecting tubules. 

sary, since a sharp focus, perhaps with the Hght somewhat shaded, ^ill 
bring them into view quite clearly. In a highly alkaline urine they are 
indistinct, and after a time seem to become lost completely. 

2. Epithelial Casts (see Fig, 66),— True epithelial casts are hyaline 
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casts studded with epithelia. The desquamated epithelial tubes which 
are sometimes found in the urine, and represent solid masses of epithelia 
of varying length in the form of casts thrown off from the tubules, can 
hardly be called true casts, although they are usually classified as such. 

Epithelial casts, when prc?sent. alwa}^ denote an acute process; and 
the more pronounced it is, the larger Ls the number of these casts. They 
vKvy in si^e according to their origin, but are never as long as some hya^ 
line casts and are usually quite regular. They are of a higher refraction 
than the former, and can be easily found. The nimiber of epithelia seen 
upon these casts varies considerably. Sometimes no more than two, 
three, or four \\ill be found upon a cast, while at other times the cast is 
completely filled mth them, though still showing its structure plainJy. 
Those from the convoluted and narrow tubules contain spherical or 
slightly irregular epithelia, while those from the straight collecting tu- 
bules usually also contain a number of columnar epitheha. Occasionally 
these casts are of a yellowish color vdlh a slightly increased refracting 
power, owing to their imbibition of the coloring matter of the blood. 

As long as the nephritis is acute, the epithelial casts will have the ap- 
pearance just described, being more or less coarsely granular, but vdxh. 
the epithelia perfectly intact. As soon as the inflammation enters the 
subacute or chronic stage* their character changes and fat-globides ap* 
pear. We can then no longer consider them pure epithelial casts. 

S. Blood Casts (see Fig. 67).— The presence of blood easts in tlie urine 
always sho^\^ a hemorrhage i^ithin the tubiiles of the kidney, and, when 
seen in large numbers, the comphcation is quite grave; but less so in 
children than in adidts. The appearance of these casts varies greatly; 
they are usually more irregular than the epithelial casts, their ends more 
or less rounded, and they may be either studded with a varying number 
of red blood-corpuscles without changing their color, or, if they have been 
retained in the tubules for some time, the blood-corpuscles lose their 
shape, and the casts take on the appearance of dark, ruat-bro\vm, granu- 
lar clusters. 

Many of these casts may show transitional forms and are more or less 
distinctly colored. They ahvays indicate an acute hemorrhagic process, 
and usually we find either hyaline or epithelial casts, or both, tvith them. 
Besides these, conglomerations of fibrin, the so-called fibrin caats, are oc- 
casionally found, but, properly speaking, they are not true casts. In the 
rare cases of haemoglobin uria, irregidar, dark casts, which appear granu- 
lar and are composed of disintegrated blood corpuscles— the so-called 
htemoglobin casts — may be quite abundant. 

4, Granular Casts (see Fig. 68). — While the three varieties of casts 
just described are always found in acute eases or fresh acute exacerbations 
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of chronic inflammations, granular casts rarely appear in strictly acute 
inflammatioriB, As a rule, they are not formed until a numter of weeks 
after the be^nning of the tlLsease; but in some cases, especially in chil- 
dren in whom a nephritis develops after contagious diseases, such as sear- 




Flo. 67.— Blooo Cabts (X 500). 
Ct Caatfi from eonvoluied tubiiles; jV^, from narrow tubule 
collect itig tabuk^. 



i : Sf from straight 



let fever and diphtheria, they may be seen in small numbers one or two 
weeks after the first s\inptoms of the nephritis tiave set in. 

Granular casts are either j>erfectly regular and have sharply defined 
contours, or they are more or It^is curved , or appear curved at one side 
while they are straight at the other. Their ends are either rountle^l or 
partly broken, and they may be broader at one place and narrower in 
another — a peculiarity es[)ecially pronounced in those from the narrow 
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tubules. Their degree of refraction changes considerably, and they some- 
times appear yellouish, at other times colorless. 

The granulation of these casta varies to a great degree^ some being 
coarsely granular, others finely granular, still others partly the former 
and partly the latter. They may appear coarsely granular at both ands, 




Fia. 68,^<jRAMDtA^ Cjlsts ( X fiOO). 

C, Ofisto from convoluted tubules; N. from narrow tubules; S, from straight 

coUecttng tubulra. 

finely granular in the centre, or finely granular above and below and 
coarsely granular in the centre, the gradations being many, 

Granular casts are probably due in most cases to a disintegration of 
the kidney epithelia, which \\i\\ commence after a var^dng length of time. 
In those cases which have not as yet become chronic, the disintegration 
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of the epithelia can be studied under the microscope in all the different 
stages. In cases of long duration the granules become changed into 
glistening fat-granides and -globules. 

5. Fatly Casts (see Fig. 69). — True fatty casts are always secondary 
products of ^ithelial and granular casts^ therefore their size and shape 




Flo. 69.— Fattt Casts (X 600). 

C, Cuts from oonvoluted tubule; N, from tiurow tubules; S, from stratght 

coUertmg tubules. 

resemble the former considerably. The substance of all the easts so far 

mentioned is the same, the difference in appearance being given by the 
outer adhering formations. Conglomerations of variously sizetl, some- 
times large, fatty globules, without well-marked contours, sho\\ing their 
original substance^ cannot be classed as true casts. 

Fatty easts coiitain a varying numl>er of small, glistening fat-globules 
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and -graniilGs, which give to the cast a high refraction , the cast being 
either completely or partially filled mth them. As they are secontlary 
products only? it follows that, even when they are present in small ntun- 
bers, the diagnosis of a chronic process is justified; the more so^ the more 
completely they are formed. The commencement of their fonnation can 




» Fig. 70.— Waxy Casts (X S€0). 

Ct Casta from convolut'ed tuhutes; ; N^ from narrow tubules; S, from straight 

collecting tubulok 

frequently be seen in both epithelial and granular castSf the granules be- 
coming more glistening and highly refractive, and finally changing to 
globules. \\Tien the cEu^ts are present in large numbers, they always de- 
note a pronoiniced fatty degeneration of the kidney, as found in the large 
white kidney, 

6, Waxy Casts (see Fig. 70) .^Waxy casts are different in their chem* 
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ical nature from hyaUne casts; they are characterized by wavy, fluted 
contours, a high refracting power, a more or less yellowish color, and a 
high degree of brittleness. They vBry greatly in size, ami are always 
more or less irregular, on account of their frequently broken contours. 
Sometimes their wa^^^ fluted appearance is extremely pronounced, and 
they may resemble regidar corkscrew windings. 




Fio, 71,— BfiXED Castb ( X 600). 



When all these characteristics are present the diag:nosis of a waxy cast 
is plain, and such a cast never appears in acute inflammations, but only in 
chronic processes, which, if the casts are at all numerous, are always in- 
tense. They invariably signify waxy degeneration of the kidney. Some- 
times hyaline casts exhibit spiral windings, and may somewhat resemble 
waxy easts. These spiral windings are probably duo to their having orig- 
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inatail in the spiral portion of the asuerieling branch of the loop tubule, 
and have no special significance. Such hyaline casts are never of the 
same hi^h refraction as the %vaxy eastSi and a little care is sufficient to 
differentiate them from each other, 

Fure waxy casts may be found studded with different formations, 
which » of course, does not change the character of the cast. At times 
they are of extremely large size, and may then be aUnost entirely broken 
in different jxirtions, 

7. Mix&i Casts (see Fig. 71). — In a large number of cases, when casts 
are present, these casts do not appear in their true form, but nia>' be 
more or less mixed. Any two, three^ or four varieties may be so inter- 
mingled as to be difficult of differentiation. The more common of thcie 
forms win be found in Fig, 71- 

In the first row, the first cast shows an epithelial-granular-fatty vari- 
ety, with the epithelia |>erfectly intact ; while the other casts partly show 
how the epithelia break down and become disintegrated into granules and 
fat-granides aiad -globules, partly the change of granular into fatty casts. 
The disintegration of the epithelia, in the manner here depicted, b fre- 
quently seen in subacute inflammations. The change of granular casts 
into the fatty land is seen in chronic processes. 

In the second row, combinations of waxy casts are shown, the first 
being a fatty-waxy; the second, a granular-fatty-waxy; while tho third 
and fourth are blood-waxy casts. The first cast in the third row is an 
epithelial-blood cast; the second, a blood-epithelial-granular-fatty cast; 
and the thirds an epithelial-granular- fatty- waxy cast. The diagnosis of 
a case does not, of course, become altered by these combinations. 

Other Cos^^.^B^ides these six varieties of casts, the mucus-casts or 
cyhndroids, previously described, are occasionally placed among the true 
casts; that they do not have any special significance has already been 
stfltetL They may contain a var>^ng number of fat-globules, but their 
striated, irregular appearance is sufficient to clear up the diagnosis. 

Again, a separate variety of casts is described as being derived from 
the seminal tubules* These casts are said to resemble hyaline casts » but 
to differ from them in their larger size^ greater breadth, and greater irreg- 
ularity. They are, however, nothing but cylindroidsj and, as sueh, have 
no special significance. 
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II. FALSE OH PSEUDO-CASTS. 

False or pseudo-casts are not infrequently found in the urine, and 
have no connection whatever with diseases of the kidney. These forma- 
tions are mostly conglomeralion;3 of different substances upon mucus- 
threads or -casts, or accidental formations in the shape of casts. When 
true casts, especially of the hyahne variety, are present, together with an 
abundance of urates, the latter may undoubtedly be found upon the easts 
to such a degree as to render a diagnosis of the original cast doubtful. 

Urate Cash (see Fig, 72). — ^ Among these formations, conglomerations 
of urates, sometimes called uric-acid casts—although uric acid, as such. 




Fig, 72. — Casts ow Ammonivu Uhate akd Sodium Urate (X 500). 



rarely enters into their structure — as well as casts of sodium urate, are 
not infrequently found. The former, consisting of conglomerations of 
ammoniura urate^ are described as occun'ing only in infants, and forming 
in them small, retldish-bro wn masses, apparent to the naked eye; but 
they axe also seen \n adults, altho\igh ^*ery rarely* Fonnations of sodiimn 
urate, resembling casi^, may at limes be mistaken for granular casts; but 
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tbey have the charaeteristic yellowish-brown color of sodium urate, and 
show no outlines in many eases. When the masses of sodium urate are 
not heavy i mucus- threads or -strings can be distinctl}^ seen underlying 
them. Besides these, we may also see such fomiations composed of gran- 
ule of sodium urate changing to globules and dumb-bells* When the 




FlO. 73. — FAl-5fc OH PaEUDOCASTS ( X 500). 
B, Bacterial c:aats; P, pua oasts; Ft, fat cast ; Ft fibrin caats. 

change has advancecl to a considerable degree, some of these formations 
may resemble disintegrated blood- or hiemoglobin casts, and great care 
must be taken not to mi*itake such urate cast^ for blood casts* Herep 
too, the absence of a contour, as well as the color of the urates, will be 
sufficient for a diagnosis. 

Among the other pseudo-casts, the more common are bacterial, pus, 
fat, and fibrin easts (see Fig. 73). 
10 
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Bacterial Casts. — Bacterial cajsts are of frequent ocemrence, especially 
when the urine has been allowed to stand in a wariii room for twelve hours 
or more, so that a large number of bacteria have de\^elopeiL Tiiey un- 
doubtedly reji^emble granular casts so much as sometimes to require a 
sharp focusing for their tlifferentiation. They may vary coasiderably in 
size, but their outlirTes are pale and more or less irregular, and they are 
coni posed of masses of micrococci, not of granules. They have no signifi- 
cance whatever, except when found in ]>erfectly fresh luinc as an aid to 
diagnosis, where they are most likely to l>e seen in severe inflamniatoiy 
or suppurative proc^ses* As a rule, the micrococci become deposited 
upon mucus-threads. In order to clear up their diagnosLs, it maVj in rare 
cases, be necessarj^ to add a drop or two of some strong mineral acid or 
alkali, to w'hich they will be seen to have a great resistance. % 

Pus Casts. — Pus caj^ts— that is, cast-like conglomerations of pus-cor-J 
puscles, usually upon mucus^are found in some cases. The fnis-corpus- ] 
clcs may be ma^ed together, with no outlines visible, or they are more 
loosely arranged, and may contain a number of small fat-globules. Pus- 
corpuscle may^ of course, be found in small numbers ui>on different true 
casts, such as hyaline or epithelial, but such formations cannot be classed 
m pus casts. 

Fat Casts. — Pseudo-fat casts are rare, but have been found in a few 
cases of so-called lipuria. They consist of large fat-globules, of a very 
high refraction, and occasionally containing margaric-acid needles. Again, 
a number of extraneous fat-globules upon mucus-threatls have been seen ; 
but these have a yellowish color, and can easily be tlifferentiated. 

Fibrin Casts. ^L^Btly, fibrin casts may be found in ciises of hemor- 
rhage. They may be of large size, have iiTegular, more or less sharply 
defined contours, and are of a yellowish or yellowish-brown color. They 
consist of small, w^a\y, irregidar fibres, and never occur \\'ithout the pr<^- 
ence of characteristic strings or bands of fibrin. In cases of hemorrhagic 
parenchj^natous nephritis, true blood casts are always associated with 
them. 

Besides haemoglobin, which may occur in the form of casts, two other 
varieties of pseudo-casts have been described, namely, pigment and cho- 
lesterin casts. Peyer hiis seen one specimen of each of these, but they 
are the rarest formations in urine. 



CHAPTER XIV. 



MICRO-ORGANISMS AND ANIMAL PARASITES- 
1. micro-organisms; or fungl 



Perfecttly fresh urine nomially does not contain any micro-organ- 
isms and cnn be considered sterile when obtained direetl^- from the bladder; 
it may, however^ be contaminateil, when voided, by bacteria present in 
the urethra and esi>ecially the vagina. When allowed to stand, bacteria 
miially develop in a short time, even in originally sterile tirine. In 
pathoiogieal conditions, on the other hand, bacteria may be present in 
large numbers when voided; such urine is always more or leaa turbid, 
and here the designation hacteriuria can be used. 

The development of bacteria in urine may be slow or rapid, deiicnding 
partly uix)n the reaction and partly upon the temperature. In an alka- 
line urine they develop rapidly, and in a w^ann temperature are usually 
found in large numbers one or two hours after the urine is voided. 
Bacteria pres^ent when the urine is passed may be derived from any 
portion of the genito-urinarj^ tract or may be transi^orteti through the 
blood stream. 

Micro-organisms seen in urine are rii\^de*i into non-pathogenic and 
pathogemc. The former may belong to either the class of mould fungi ^ 
to that of yeast fungi ^ or to that of fission fungi; while the latter belong 
to the class of fission fungi. 

Non-pathogenic Micro-organisms. 1. Mould Fnngi^. — Mould fungi, or 
hyphomycetes, found in urine are either oidium, penidUium glaucum, or 
one of the osp(rgiUif the latter being comparatively rare. These fungi 
will be seen only in acid urine, or urine which was originally acid, even 
though it has become alkaline. 

The most common of the hyphomycetes is the oidtum tactts, com- 
posed of conidia and mycelia (see Fig, 74), It easily develops in ,small 
numbers in urine of a highly acid reaction, and can be seen %^ith the 
naked eye, in the form of whitish masses, only %vhen present in large 
amount. Such urines contain a var\ung number of small globules* in 
which frequently a central so-called vacuole is observed, together with 
threads of mycelia, either narrow and short, or quite large and branching, 
Tlie globules are the spores or c: nirlia, and core must be taken not to 

14^ 
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misteice them for red blood-eorprt^cles or even fat-globules^ which they 
may resemble. They vary in size^ and can generally Ix* ciistingiiished by 
the central vacuole. The threads are the mycelia, which arc, as a rule, 
coarsely granular and segmented , and contfyn a number of eporos. They 




Pig. 74, — Oidium Lactis ( X 500), 

may be mistaken for mucus, connecti^-e tissue, or even granular casts 
from the narrow tubules, from all of wliich they differ , however, by their 
peculiar^ rather high refraction. 

Besides the oidium lactis, both the penimllium glaueum and different 
varieties of dsperfjilli may he found in the urine, the former being quite 
common (see Fig. 75) . The diagnasis of ])enicUlium or aspergilkis can \ye 
made only by the characteristic fniit-bearer or sporangium arising from 
the h>T3ha. In iienicillium glaueum, the most common mould fungus, the 
hj^hir divide and Bubdi\ide into thread-like formations— the basi^lia and 
stcrigmata — the ends of which latter are surmounte<J by a number of 
spores or conitlia. In the aspergilli no di\nsion takes place, but the hypha , 
terminates in a spherical or club-shaf>ed vesicle, from the peripher>^ of I 
which a number of short fiask*ljke formations — the sterigmata — ^are vis- 
ible, each of which contidns a single s|x>re iijion its iip|)er end, 

2, Yeast Fungi (s:iee Fig. 76). — The yeast fimgi, or sacchaTomycete^^ ; 
found in acid urine, and are most frecjuently seen in those eoiitaining 
sugar, where they may l>e present in hirge niunbers. They consist of va- 
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rioiisly gized globules or celk, the larger of which contain a smaller glob- 
ule or nucleus. They aever form mycelial but multiply by sprouting or 
budding. The globuUs have an oval or round shape, lie either singly, in 
twos, or in groups of different sizes, and are frequently beaded. In the 




Fia, 75, — Peniciluttm Glaucum axd Aspeboio4 (X 500). 

Tfieuppef half of the dmwiagBhows the pe'tLiciHmm glaucum, Ihe tower balf dlft^ftsni 

varieties of aapcrgiUi fount! in uriue. 



larger globules the process of budding can be plainly seen. The smaller 
globule, or daughtcr*cellj sprouts out from the larger or mother-cell, be- 
comes an indei>entlent formation, grow^, and, in its turn, forms a raother- 
ceU. These globides may undoubteiUy resemble blood-eorpuselcs, but 



150 



URINARY ANALYSIS AND DIAaNOSm 



their irregular size and shape, together with the presence of the ]iudeu% 
T\ill be sufficient to differentiate them. 

3. Fission Fungi (see Fig. 77) .—The fission fungi, or schiscmyceles^ are 
rarely seen in highly acid urine, but frequently in urine which is becom- 
ing alkaline or has already undergone an alkaline change and is showing 




Fio. 76. — SAccKA^BOMTcrres (X 600). 

putrefaction. When they are pr^ent in large nimibers the urine is always 
cloudy J and both cocci and bacilli may be found. Of the former, the most 
numerous are large coeei, h'lng either irrcgidarly or in small chain form— 
the micrococcus urci^. This coeciis, to a great degree, causes animoniacal 
decomiK>sition of the urine, the urea being trauj^formetl by it into aninio- 
nium carbonate. In urines containing pus-corpUB<*lcs in large number?, 
both staphylococci and streptococci pyo(jene^^ihe former being small coed 
grou|jed in variously sizetl, irregular bunches, and the latter in longer or 
shorter chains — will also be seen. Besides these, tlie so-called zoogiwa 
groui>s of cocci — cocci arranged in more or less regular masses— envel- 
oped in a colorless, gelatinoUvS capsule, may also be found, as well as lai^ 
cocci, the sareiniE urintr, which are united into packets resembling corded 
bales of cotton, and are usually smaller than the sarcin;!^ found in sputa. 
Staphylococci and streptococci pyogenes ore pathogenic, and may be 
found in any inflammatory condition. 

Bacilli are usually present in varying numbers with the cocci, and are 
of different sizes, some of the small ones occasionally lying in twos, being 
formerly' calletl iMictcniim termo, one of the varieties of putrefactive bacilli 
which cause ammoniacal decomposition of urine. Others, among them 
the bdciUu^ or bacterium urew, are larger, and there are stiU others larger 
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than the latter, among which the badUm subiUt&f or hay bacUluSj is com- 
mon. These bacilli are found to have a varying amount of motion ^ some 
being ver)* active, others only slightly movable, and some \nthout motion. 
Besides the single bacilli, the urine not infrequently contains threads, 
comj-ioft^eil of individual rods — the leptothrix threads— which may be 
quite abundant. There are cases of chronic cystitis, in which the urinei 
when voided, contaitis leptothrix threads in large numl>ers, and in which 
the cystitis seems to be caused by the leptothrix ; these threads may lie 
ui>on a,s well as between the epithelia. In such cases whitish masses of 
small size are found in the freshly voided, cloudy urine, and when exam- 
ined under the microscope are seen to consist of conglomerations of blad- 
der epithelia with many leptotkrix threads. Cases of this kind may last 
for many years, aud frequently recur in spite of all local treatment. 

'.:...■ ''' -;■•:/ "' ■'•'. -^-^ v'/i''-/ 




Fio. 77.— ScHizouTCETsa ( X 300). 
B, BaetlU; S^, streptococci ; Sa, ataiihylcicocct; LpteptMhnx: jlfCMflcri^eoeGUAUT^e; 

Pathogenic Schizomycetes. — Among the pathogenic bacteria, the 

most important are undoubtedly the gonococci and tubercle bacilli, which 
are not infret[uently found in urine, and for which careful search must, 
when ncccssar>', be made. For the detection of these, it wiU always be 
necessary to color the specimens, and the mode of procedure b the fol- 
lomng: Select the thickest portion of the urinarj" sediment, best ob- 
tained by the use of the centrifuge, or the filaments, if any are present, 
as will be the case in chronic gonorrhoea, and by means of a steriEaed 
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n<?edle spread carefully over perfectly clean cover glasKses, taking never 
less than two, but preferably three or more. Allow the glasses to dry 
thoroyghly, and draw them through the flame of an alcohol lamp or a 
Biinsen burner in a moderately quick manner, specimen side upwani, 
three times, partly to fix the specimen upon the cover glass, and partly 
to coagulate the albuminous subs^tances present. Then color the sf)eci* 
men with an aniline color, either fuchsin, methylene blue, or gentian 
violet. 

GonocarH. — Tn searching for gonoccoci in the urinej the cover glassy 
are best coloretl, for a few secontls to one or two minutes, either mth a 
plain waterj^ fuchsin solution, matle by talcing one part of a concen- 
trated alcoholic fuchsfin solution \^one part of fuchsin in suljstancc to four 
or fi%^e of absolute alcohol) to eight, ten, or twelve parts of distilled w^ater; 
or with a meth3dene-blue solution — twenty to twenty*five drops of a con- 
centrated alcoholic solution to one ounce of water, to which one drop of 
a five per cent caustic-potash solution has liecn added* Methylene-blue 
solution may also be made by taking 30 parts of a concentrated alcoholic 
methylene-blue solution and 100 parts of 0.01 per cent caustic potash; 
this is Loefflcr's alkaline methylene*blue solution. Aiiy one of these so- 
lutions, if carefully made, will keep a long time, and is always ready for 
use. 

After having pa^ed the cover glasses through the flame, as just de- 
ecfiberl, a small amount of the coloring solution is dropped upon the 
specimen and allowed to remain for from a few secontb to a minute or 
two, the former i>eing suificient when fuchsin m used, the latter being 
neceHsar>" when methylene blue is employ eth After coloring, the cover 
glass m rinsed in water, the lower surface dried, and the fij^ecimen either 
at once mounted uj>on a slide and examined in water or dried and mouiit- 
ed in a drop of Canada bakam. 

Although the ^onococci can be seen wHth a power of 500 diameters, it 
will alwaji^ be better to use a i>ower of at least 700 or SOO diameters and 
an Abbe condenser. In specimens so preparetl, the gonococci, as well aa 
the nuclei of the pus-corpuscles and epithelia. are colored. The pus-cor- 
puscles will be seen to contain one or more nuclei. 

In csL^^es of acute gonorrhoea (me Fig, 78) the gonocoeci, or micrococci 
gonorrhnm, are found in large iiumljers in the urine, not as numer€>a5 as 
in the gonorrhrrnl pus taken directly from tlie orifice of the urethra, but 
still very abundant. Tliey are seen both in the pus-cor[)uscIes and Ijing 
free in variously si^efl groups. The pu?^corpuscles are numerous, and mu- 
cus-threads in small numbers are always present. Urethral epithelia are 
alao usually found, and ma\' contain groups of gonococci. 

Gonococci were first disco veretl by Nelsser in the year 1879, and cid- 
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tivated by Bumm in 1885. They are, as a rule, found in twos, either sin- 
gly or in groups, with the adjacent surfaces flattened and separated by a 
colorless interspace, giving the so-called biscuit shape. The more or less 
regular groups of diplococci are found either entirely within the pus cor- 
puscles or epithelia, or lying entirely free, but never half-way within and 
half-way free, though large groups, completely filling the pus-corpuscles, 
may slightly overlap the periphery. Again, no matter how completely 
the pus-corpuscles are filled with them, the nucleus or nuclei usually re- 










Fio. 78. — Acute Gonorrhcea ( X 700). 
G, Groupjs of gonococci ; GP, pus-corpuscle containing gonococci ; 3/5, mucus-thread. 

main free, though here, again, individual cocci may be found upon the 
periphery' of the nucleus. These features, though perhaps not absolutely 
characteristic, are sufficiently so for all practical purposes. 

If any doubt remains about their character, a few specimens should 
be colored with a gentian-violet solution, either a one per cent aqueous 
solution (gentian violet 1 part, distilled water 99 i)arts), or an aniline 
water solution, made by adding 5 parts of a concentrated alcoholic solu- 
tion to 100 parts of aniline water (aniline oil 1 part, distilled water 20 
parts, and filter) for a few minutes and subjected to Gram's solution 
(pure iodine 1 part, iodide of potash 2 parts, and distilled water 300 
parts) for one or two minutes. The specimens are now washed in alcohol, 
then rinsed in water and recolored with a one or two per cent vesuvin 
solution (vesuvin 1 or 2 parts, distilled water 99 or 98 parts) for a few 
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minut^B, again rinsed in water, and either examined in water or dried and 
mounted in Canada balsam. 

When subjected to this method, the gonococci have lost their original 
violet stain and have taken up the vesuvin, being, therefore, folore(.i 
brown. This method at once difTerentiates them from the staphylococci ^ 
which retain their violet color. If all the features enumerated, especially 
their characteristic grouping within the pus-corpuscles, and the loss of 
their violet color by the last-named method, are present, no doubt what- 
ever will exLst as to the character of the cocci. 

In acut« cases of gonorrhoea the search for gonococci is ver}^ easy ; but 
this becomes a more difficult matter in the chronic cases, \\'here only a 








Fro. T9. — Chronic Gokorrhcea (X 700). 
GP* PtusH^rpii«plcs eoELtaliuiif gonococci; GE^ epithelium from tlie proeitate gland 
contuioiTig goiiococei ; ^^ pus-^sfpiuioKea cotitoiJiing Stapliylococci pyogem*:?; SttBttvpr* 
ItKfocd pyogenes; MtK Mierooo©cu» ureas; MS^ mucus-tlireatls; MF^ mucus-corpus^ Le. 

small numlier of filaments may be found m the urine. Frequently it Is of 
the utmost importance to determine the presence or absence of «^onococci 
in such cases, and the filamcntij are subjected to the methods just dciiicribed 
and carefully examined. In thi*^ work it is never advisable to depend 
U|x>n a power of 5t)0 <liameters, but Higher powers, even a homogeneous 
immersion lens, should be used, and a large number of Bpecimens care- 
fully examinctL Tlie features found in Buch a filament ^ containing gono- 
cocci^ are shown in Fig, 70* 
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Pus-corpuscles are never so abundant iri these cases as in the acute, 
and may even be quite scanty, but mucus-threads as well as corpuscles 
are numerous; epithelia from the urethra, and usually from the prostate 
gland, will also be seen. The gouococei are always found in smaller num- 
bers, but only singly or in small groups, and the cocci seen should never 
be diagnosed as sueh unices some are found within the pu^corpuscleSp 
Besiiles gonococei, such filaments always contain irregular groups of 
staphylococci; these may be either free or in groups, Ijiiig partly within 
pa^corpusdes and partly outside. In some cases streptococci, usually in 
rather small chains, are also present, aa well as the micrococcus ureic in 
chains or irregular small groups. 

Occasionally it may be nee essar}- to use culture media, although it is 
difficult to grow gouococei from urinarj^ secliments. For thb purpose either 
blood-serum agar or Loeffier's blood serum may l>e used, though some 
prefer media made with hydrocele or ascitic fluid and agar-agar. Even 
at best the growth of gonocoeri is slow antl never very heavy. 

Other Coad. — Besides gonococci, other pyogenic cocci, both staphylo- 
cocci pyogenes and sirepioeocei pyogenes, arc found in urine, but, as 
may be expected, only wherever there are large numbers of pus-corpus- 
cles; they, therefore have little practical significance, Tlie staphylo- 
cocci are the Btap^iylococcus pyogenes aureus, aUmSf and citreus, which 
can lie diJferentiate^l only by culture methods. Besides the streptococ-- 
cu^ pyogenes^ a streptococcus, w-hich cannot be distinguished from it, but 
has been descrilMMl by Fchleisen as l>eing the cause of enr'sipelas, may be 
found in all cases of ent'sijDelas in which a nephritis is at the same time 
present. Micrococci have also been seen in the urine in septic processes, 
as well as in endocarditis. 

Tubercle Bacilli.— The presence of tubercle bacilli in moderate num- 
beri in the urine is ahva^'s a symptom of tuberculosis somewhere in the 
genito-urinar\^ tract. Its exact location can easily 1>g determined by the 
characteristic e|iithelia. As a nde, they will be found in larger numbers 
only when a suppurative or an ulcerative process exists; and whenever 
the diagnosis of a suppuration or an ulceration can be made from the dif- 
ferent features found in the urine, together with an impaired or broken- 
dowTi constitution, it will l>€ best to examine for tubercle bacilli, even 
though distinct clinical symptoms of a tubereular process have not as yet 
developed. 

The search for tubercle bacilh in the urine is by no means an easy one, 
and many drops mav have to be examined before arriving at a definite 
concliLsion- The ap|jearance of the urine is no criterion, since bacilli may 
l>e present in small numbers in rather clear urine, though, as a rule, it 
will be more or less turbid. They can be found in either an acid, neutral. 
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or alkaline urinei but the presence of a large number of salts renders their 
detectiou still more difficult. In such eases it is advisable to dissolve the 
salts with a solution composed of 1 part of borax, 1 part of boric acid, 
and 25 parts of water, which is sitnjjy added to the saliment. The thick- 
est portion of the sediment only should be used for the preparation of 
cover-glass sijecimcns, and here the use of the centrifuge offers an un- 
doidjted advantage, the bacilli being more easily iliscoveretl in a centri- 
fuged than in a non-centrifuged urine, since the centrifuge throw's down 
all bacteria in larger numl>ei^ than is the case with urine which has been 
allowed to settle for a nimiber of hours* 

The methods employed for detecting tubercle bacilli are numerous, 
but the best are the Koch-Ehrlich-Weigeil aruline water and the Ziehl- 
Neelwu carliolic acid water niethotls, Whetlier fuchsin or gentian violet 
is used with the former method is perfectly immateriaL An aniline 
water fiichsin solution is made bv arlding enough of a concentrated alco* 
holie fuchsin solution to aniline water until saturation takes place: that 
Is, until a distinct film appeiirs at the top of the solution. This will 
usually he 1 part of the alcoholic solution to 6^ S, or even 10 parts of 
* aniline w^ater. Tlie aniline water is prepared by thoroughly mixing 1 part 
of aniline oil with 20 parts of rHstilled water, and filtering through a 
double layer of filter paper. This solution must be perfectly clear. The 
cover gla*is(^, which, when dried, have been passe^l through the flame, 
are now dropped upon the solution, specimen side downward, so as 
to float j if possible, and allowed to remain in it for twelve liours if 
kept at the temi>erature of the room^ or forty minutes if the solu- 
tion is kept w^arm. It is not advisable to heat the cover glasses over 
the flame for a few minutes after ha\nng dropped the coloring solu- 
tion upon them, as such sfiecimens are usually not as clear as they 
should lie. 

It has l>een show^n by Koch that while tubercle bacilh take on the col- 
oring matter slowly* they are then not rca^lil}' tlecolorizeil, in contradis- 
tinction to most of the other bacteria, which will quickly lose their color 
when subjected to the action of strong acids. The cover glasses, aft^er 
being colored, arc therefore placed Into a strong acid solution^ preferably 
a twenty-five per cent nitric acid, for a few seconds or half a minute, and 
are then thoroughly washe<l in a sLxty per cent solution of alcohol until 
all color has disapj>earefl, rinsed in absolute alcohol and in water» and 
may either \ye examined at once or, better, are recolored vaXh metln'leixo 
blue, agair> rinsed in water, and examined in water or Canaila baisani. 
The tubercle bacilli, if any are present, will now be seen in the form of 
red rods, while all other features in the specimen arc colored blue* In- 
stead of aniline fuchsin, aniline gentian \iolet can be tised. and vesuvin 
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employed as a recoloring agent. Muriatic or sulphuric acid may be used 
instead of nitric acid. 

A specimen of tuberculosis of the kidney, colored in this manner, is 
shown in Fig. 80. The features which can easily be recognized are tuber- 
cle bacilli in moderate numbers, pus-corpuscles, epithelia from the convo- 
luted tubules of the kidney, epithelia from the pelvis of the kidney, mu- 
cus-threads, mucus-corpuscles, and various cocci. 

Although specimens prepared with an aniline water solution give ex- 
cellent results, there is one objection to this method, which is that the so- 




Fio. 80. — Tuberculosis of the Kidney (X 650). 
TB, Tubercle baeilli ; PC, piw-corpu«cle ; CE^ epithelium from convoluted tubules of 
kidney; PE, epithelium from pelvb of kidney; AfiS, mucus- threads ; AfC, mucus-cor- 
puscle. 

lution does not keep, and has to be prepared fresh every week. Many 
bacteriologists, therefore, prefer to use Ziehl-Neelsen's carbolic acid fuch- 
sin method. The solution is prepared by taking 90 parts of a five per 
cent carbolic-acid solution, 10 parts of alcohol, and 1 part of fuchsin in 
substance. This is undoubtedly the simpler method, and gives good re- 
sults as long as the solution is not too old. With it the specimens need 
not be colored longer than one or two hours when kept at the temperature 
of the room, or ten minutes when dropped in a warm solution. The de- 
colorizing and recoloring processes are exactly the same as with the 
Koch-Ehrlich-Weigert method. 

Since examination for tubercle bacilli in urine is not an easy matter, 
it is invariably best to use those methods which will yield uniformly good 
results, and not to hasten the process of coloring. With the two methods 
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just described, the tubercle baeilli can always be detected if present, 

though they may be very scanty and found only after a long and patient 
search. 

Care must be taken not to mistake the harmless smegma bacillus, 

which is frequently present in the urine, resembles the tuberele bacillus, 
and is also resistant toward acids, for the tubercle bacillus. The smegma 
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Flo. SI. — Bactebsum CoLi Commttne (X 800). 

bacillus^ however, does not resist absolute alcohol for any length of time, 
so that, when its presence cannot be excluded, it is best to subject the 
specimen for one-half hour or longer to alcohol after being treated with 
the acid. The tubercle bacillus is not affecteil by the alcohoL 

In doubtful cases animal inoculations mui^t be made, a small amount 
of the sediment lacing injected into the abdominal cavity of a guinea-pig* 
If the sediment contained tul>erclc bacilli, tuljerculosis wilt (kn^lop in the 
animal in from three to five weeks. Tlie cultivation of tuljercie bacilli 
from the urinar}^ sediment does not give satisfactont^ results. The use of 
tuberculin injections to determine the presence or absence of tuberculo- 
sis is also recommended. 

Typhoid Bacilli. — Among the other pathogenic bacilli found in urine^ 
the typhoid bacilli have been discovered in large numbers in cases of ty- 
pboid fever, though never at the commencement of the disease, and they 
are not, therefore, of much practical value for the diagnosis. Poniklo, in 
the year 1S92, was the first to call attention to the presence of typhoid 
bacilli in the urine, and since then the bacilli have been found by differ- 
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ent observers. In most caees described, the evidences of a more or less 
pronounced nephritis or of a hemorrhage were also present. The bacilli 
may persist in the urine for weeks and even months, and may be ex- 
tremely abundant. 

Bacterium Colt Commune.— The. bacterium coli commune (see Fig. 81) 
is not infrequently present in urine, especially in pronounced inflamma* 
tions, such as nephritis, pyelitis, and cystitis; it may be found in large 
numbers, and seems to be a rather common cause of cystitis. This bac* 
terium is a short, thick rod, found also in two^, small chains, and groups. 
It has a moderately active motion. In the year 1895 Pluym and Laag 
describe*! it as the sole cause of a urethritis which gave all the symptoms 
of a gonorrhceal infection, in which gonococci were entirely absent, but 
the bacterium coli commune was found in large numbers, lying mostly 
within the piLs-corpuscles and epithelia. 

Other bacilli have also been described as being present in various dis- 
mses of the genito-nrinar>" tract, but they are of no diagnostic value. 

Actinomtfces. — The fungus known as nctwomyces (see Fig* 82) is of 
rare occurrence in the urine, but is undoubtedly found in actinomycc^is 




Flu, .S2. -AcTiNOMYC«:s (X 500). 

of the intemaJ organs, where the disease affects the genito-urinary tract* 
The classification of this fungus has long been undecided, though later 
researches place it among the fission fungi. 

Tlie fungus consists of variously sizetl conglomerations of highly re- 
fractive, irregular^ club-shaped masses. The club-shaped, eylindricaJ, or 
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pear-shaped masses terminate towanl the centre in a point or fibrilla, 
which loses iti^elf in a mass of g:ranules, amid other similar fibrillse. The 
indi^ddiial club-shaped elements greatly var>^ in length t but all terminate 
in the centre. 

The urine from which the accompanying drawing was made was tur- 
bid when pa^ssed and gave all the macroscopical e\iclence^ of a chronic 
cystitis. It contained a few small granular masses which proved to be 
actinom\Tes. The features present under the microscope were numer- 
ous, and conclusively showed a chronic ulcerative process in the bladder. 
There were pus-corpuscles in large numbers ; epithelia from the bladder, 
espocially culjoidal and columnar; numeroirs connective-tissue shreds; 
fat-|rranules and -globules; large zooglcea masses; mucus-threads and 
-corpuscleSi and the actinomyces fungus, wiiich was lyerfecth^ characterb- 
tic, so that the diagnosis of a f hronic ulceration of the bladder, due to 
actinomyces, could easily be made. The reaction of the urine was alka- 
line. 

n, ANIMAL PARASITES, OH ENTOZOA. 

Trichomorms Vagirmlw (see Fig. 83), — Of all the animal parasite, the 
most common is the trwhomona^ mginalis, which belongs to the class of j 
infusoria. It occurs in the urine of females, being a frequent but per- 




FlO, 83. THiCHOSfONAS VAqtTfALW (X 500). 

fectly harmless inhabitant of the mucosa of the vagina in cases of leucor- 
fhoca* Although it has no pathological significance, its occurrence and 
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shapes must be kno%*n, since it othen^-ise might be mistaken for different 
formations, especially when small. 

Trichomonas b of an oval or somewhat irregular form, and iisnally has 
a tail*like extremity. This extremity; mostly of the same size as the body 
or a little longer, may occasionally be three or fom* times that size^ of con- 
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siderable thickness, and striated. It may, howei^er, be nothing but a 
small filament, like a flagellum. In the interior of the body one, two, or 
more small formations, similaj* to nuclei, may be seen. In many cases one 
or more cilia are given oflf from one extremity or side, 

EchiTWcocci {see Fig. 84), — ^These entozoa, although rare, do occasion- 
ally occur in the urine, and may either have developed directly from the 
urinary organs or have ruptured from some iieighlxiring organ. The 
characteristic parts of the echinacocci found in the urine are the booklets 
as well as portions of the membrane ; scolices may also be found. 

The echinococci cysts, as such^ will ne\'er l^e seen in the urine, and in 
a suspected case it miiy become quite difficult to find the characteristic 
portions. The scolices are small, usually round, and supplied with a 
wTeath of booklets. The individual booklets do not vary in size to a great 
degree, and their shapes, although differing somewhat, are more or less 
identical. Parts of the membrane which have a concentric striation may 
at times be present. In the sj}ecimen from which the illustration was 
11 
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taken, the tiifferent jjortiojis here shown f*oukl lye found only after pa^ 
lient search J but were characteristic. 

In all causes in which parts of the echmococci are found in the urine, 
e%ddenc(?s of a hemorrhage or an ulceration, or both, will be present. As 
a rulCi red blood-corpuscles are numerous, together with epithelia and.i 
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connectivivtissue shreds from the organ in which the cysts are located, 
PusHcorpuseles are usually abundant. When the eehinococci have directly 
developed in the urinary organs, the kidney is the general location, and 
epithelia from both the convoluted and straight collecting tubules are 
present, 

Distomo Hwnmldnum (see Fig, 85), — The ]iarasite distoma hirtnato^ 
Mnnif or BiUiarma kiEmaiobia, so called from Bilharz, who first described 
it, has probably never been found in the urine, but its eggs do occur in 
some caries. It is common in hot climat^^, especially in Eg^'pt, and is 
found in the portal vein and its branches, the splenic and mesenteric veins^ 
m well as in the venous plexuses of the rectum and urinarv^ bladder. 

In our climate distoma hspmatobium is rarely fount!, but does occur, 
A case of this kind has been described by Brooks and Sorulern, who found 
the eggs in the urine in considerable numbers. The illustration was t-aken 
from this urine, and in every drop examined a tlosten or more of the ova 
were present. They have an oval or flask-like shape, are large, ami ta|K>r 
considerably at one extremity, the other being rounded. They consist of 
a moderately thick, highly refractl\'e capsule, are coarsely granular, and 
contain quite a numl>er of small, roundish, grantdar bodies within a 
membranous formation. 

When these ova are found in the urine, blood-corpuscles, pus-eorpus- 
cles, and epithelia, usually from the bladder, are seen, showing a hemor* 
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rhage or inflammation of the bladder. In most cases fat-globule and 
-granules are also present in considerable numbers. The parasites may 
invade any portion of the urinar}^ tract, especially the ureters and pelv^. 
Filariu Sanguinis Hominis (see Fig. 86). — Thif^ parasite is also of rare 
occurrence in our climate^ but common in other climates^ as in the West 
India Islands, Egypt. China, and Japan* It seems to be transferred to 
human beings through mosquito bites, and may be extremely abundant 
in the blood; in urine it may be found in var}dng numbers in such cases. 




Flo. fifl. — FlLAHU SiLKGinNlS HoMlNlS (X 600) 

It consists of a cyUndrically shai>ed body, a short, rounded head^ and a 
long, thread-like, jxDinted tail. It is granular and fretjuently striated. 

When the parasite appears m the urine, it may cause either severe 
ha?maturia or the condition known as chyluria, or more frequently both. 
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It is claimed that it may be present in perfectly clear urine, but this must 
be very ruro, since, as a rule, the urine presents a milky appearance when 
voided, and upon examination is found to contain a lar^ge amount of fat^ 
in the form of small globules and granules, as well as the evidence of a 
more or less pronounce^l heraorrhage. Pus- corpuscles, as well as dififerent 
epithelia, are usually present in small numlDers. 

When Buch a milky urine, denoting chyluria, is examined , filaria must 
always be looked for, since the paxaate is almost invariably the cause of 
this condition. It may be present in large numbers in the urine, so that 
there will be no difficulty in finding it; but* on the other hand, it may be 
scanty. In examining for filaria, it is advisable to take the first urine 
voided in the morning, since it is a well-known fact that the parasite is 
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active at night, or rather during the resting hours of the patient, and can 
then be found in large numl>ers in the blood, while it is quiescent during 
the working hours and cannot be found. 

Ascaris Lumbricoides (see Fig, S7), — Although in rare instances' only, 
the round worm, ascans lumbricmdes^ of such common occurrence in the 
intestinal tract of children, may be found in the uriiie, having passed into 
the bladder through the urethra. l*ortions of the parasite and a number 
of ova will then be present in the urine. 

The urine from which the illustration was tjiken gave all the features 
of a severe acute catarrhal cystitis. It contained a small number of mi- 
nute particles, which proved to be the ova; also a part of the body of an 
ascaris. The ova, of a yellovmh-brown color, arc round formations, en- 
closed in a thin, irregular capsule and a somewhat tliicker membrane; 
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the interior is coarsely granular and contains a nucleus. The parasite 
itself is of considerable size, has a cylindrical body, a narrower, tail-like 
extremity, and a head consisting of three papilliform nodules; it is found 
in the urine only in very rare instances. 

Other Parasites, — Other parasites which may possibly be found in the 
urine are the strongylus gigas, oxyuris vermiculariSf and the cercomonas 
urinarius. The strongylus gigas resembles the ascaris lumbricoides, al- 
though it is much larger, and its head contains six papilliform nodules 
instead of three. The oxyuris vermicularis is a small, thread-like forma- 
tion, and the cercomonas urinarius a small infusorium, which consists of 
an oval, granular body, and contains a number of cilia. These parasites 
are extremely rare and of no practical importance. 



CHAPTER XV. 

EXTRANEOUS MATTERS. 

Extraneous matters are common occurrences in urinary secliments, 
and miist be well known, m ihvy might frequently lead to eiTon=i in diag- 
nosis. Their pre^nce in the sediment may be due to many causes, such 
as exposisure to air, from which varioui? objects may fall into the yrine, 
pouring the urine into l>ottles which are not perfectly clean, the u.se of 
aalvee or dusting- powders for tlie genital organs, or admixture of particles 




Fio. 88.— ConoN FiDREa (X 500). 

from the fsece*?. Many of tiiese formations are characteristic enough, but 
others may closely resemble ^^arious features of normal or pathological 
urine, from which they must lx» carefully difTerentiatefi. 

The tlifferent fibres of cotton, linen, silk, and wool are frequently 
found in the urine* 

Cotton Fibres (Rce ¥i^. HS). — Cotton fibres are coarse, somewhat wavy 
and twislecL They arc highly refractive, their edge*? being more compact 
than the centre. The central portion may appear slightly folded, and 
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often shoiA*s irregular markings. When the fibres are very smsdl, the 

diagnosis must be made from the Tvav>^ compact appearance. 

Linen Fibres (see Fig. 89).— Linen fibres are variously sized, some- 
times broadj and at other times narrow. They are comjxjsed of smaller 
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fibrillar, which, although quite refractive^ are less so than cotton fibres. 
At different parts of the fibre, irregular transverse breaks are seen, which 
are caused by the process of hatchelling. The finest fibrillar will be found 
broken off in a ver}' irregular manner from the surface of the main fibre, 
being either long or shorty and at times branching in different directions. 

jSiZfc Fibres (see Fig. 90). — Silk fibres are homogeneous, moderately 
shining; their cut ends are flattened by thq bbides of the scissors and 
rendered slightly jagged. If from woven goods^ the fibres assume wavy 
or spiral impressions. 

Wool Fibres (see Fig. 91). — Wool fibres are coarse, and have saw- 
teeth-like serrations along the edges, corresponding to the edge of tlie 
imbricated scales covering the cuticle; their stmcture Is faintly striated. 
Hairs of different animals have different forms, and we may observe the 
central medullary canal and a varying amount of pigment. 

Any of these fibres may be found dyed in different colors, which is 
sometime quite misleading. 

Human H airs. ^Hwnmn hairs are also not infrequently found in the 
urine, and may be kno^vn by the flat epidermal scales, firmly attached to 
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each other, which form the main mass of the hair, and by the varying 
amount of pigment. 

Feather (see Fig, 92).— Feather may appear in the shape of braneh- 
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Fto. 91.— Wool FutRca ( X 600). 

ing formations, which have their origin at the quill ^ and run in different 
dii-ections or in single barbules. The qtiill h striated. The barbules are 
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composed of different si;sed links^ and gradually taper toward the ends, 
which are whip-like. 




Flo. §2.— FEATttEB ( X 400). 

SmkB from Moth (me Fig. 93).— Scales from the wings of insects, 
such as moths, may also be found. They are more or less delicate, ser- 
rated platea mth a stem-like projection, and var>' considerably in length 
and breadth. 




F^O- 93.— BCAl.^ FROM WlKGS Of MoTB ( X 500). 
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Starch Globuks (see Fig, 94), — Starch g;lDbules are frequently seen in 
the urine. They are more commonly foimd in the urino of females, stareh 
powders being extensively useil for dusting purposes, but individual glob- 
ules from tlie unden\'ear are also seen. They are oval or round, highly 
refractive, and vary greatly in size, vnth a more or less central hilum or 
umbilicnSt around which are concentric striations. The hilum may be 
either round, oval, or irregular, at times quite large, at times small, and 
occasionally ap|>earing as if split. 

Tlie different varieties of starch, although having the same character- 
istics, vary in sha|>e as v^^ell as in she. The three most frequently found 




Flo. IH. — ^AitcH Gt-ortrLEa { K 500). 
R* Hie^e E^tAreh; C, corn stareh; W, wbeat istareh. 

in the urine are rice starchy com starch, and wheat starch. Rice starch 
always appears in the form of oval or oblong, quite regular globules of 
medium size. Corn starch is smaller, irregular, at times almost hexag- 
onal, and contains an irregular hilum. VV'heat starch consists of 
large globules, as well as of small, irregular formations, in which latter 
the hilum may be entirely absent or is pr^ent only in the form of a 
dot, 

Lycopodium (see Fig. 95), — Lycopodium, somewhat similar to staroh, 
and also considerably used for dusting purposes, consists of globular 
formations of chfferent si^es, mlh a distinct shell, and studded T^ith pe- 
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culior thomy projections. Slany globules seen in urine are partially 
broken, and in some an irregular or triangular division 13 noticeable. 




Fig. 95, — Ltco podium Globules { X 500). 

Cellulose (see Fig. 96).— C'ellulose occurs in the urine in a variety of 
forms, sometimes in small, sometimes in large masses. It varies consid- 
erably, according to the plant or portion of plant from which it is de- 




FlQ. 96. ClXLULaSE ( X SOO). 
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rived, and may he brown, pale yellow, or practically colorless. It may 
be seen in the urine in the form of a framework, sometimes ang^ular, the 
indi\idual cells l^eing connected ^ith each other by the intercellular sub- 




Fia. 97. — Cork ( X 500). 

stance. In the interior of many^ though not in all, cells, a nucleus, usu- 
ally somewhat irregular, is present, and both the cells and the nucleus 
are granular. 




Flo* 98. Olt^Gl^OBFLKR AND AlR-Bl7BBl.f:» ( X 500). 

F, Fat- or oiURlobule*; A, hIt' bubbles. 
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Instead of the irregular angular cells, perfectly regular, either rectan- 
gular or square cells, with large, regular, oblong nuclei, may be seen, and 
these may also be found singly or in masses. 

Cork (see Fig. 97). — A common variety of cellulose seen in urine is 
cork. This occurs either in single cells or smaller conglomerations, and 
has a yellowish-brown or reddish-brown color. The individual cells are 
irregular and greatly vary in size. They are either perfectly homogene- 
ous or contain a small number of indistinct granules. At times many of 
these cells will be found closely packed together. When the cells are thin, 
they may possibly be mistaken for epidermal scales, but their color is 
always sufficient to differentiate them from the latter. 

Oil-Globules and Air-Bvbbles (see Fig. 98). — Extraneous fatr or oil- 




Fio. 99. — Flaws in the Glass (X 500). 

globules are of common occurrence in urine. They may be very large 
or extremely small, and are either perfectly round or irregular. They 
are of a high refraction, and can frequently be differentiated by their 
yellowish color. The smallest globules might perhaps be mistaken for 
fat-globules voided with the urine, but are almost invariably associated 
with the larger, more irregular, yellowish globules. 

Air bubbles also vary in size to a great degree, and may be cither 
round or irregular; they have a sharply defined, double contour and a 
blue or bluish-black refraction. 

Flans in Glass (see Fig. 99). — Flaws in the glass, as well as scratches 
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in the cover glass, may easily lead to a mistaken diagnosis. The fiaws 
arc irregular in size and i?hape, and frequently resemble the wings of a 
butterfly. They have a fairit blue refractioii and are usually pale. A lit^ 




Fig, 100.— VEQfn-ABLE Mattkh ( X SOO). 
Sp, Bplnkl fibres from liir-veasc'la of plants; V^ veget&blts fibr^; ff^ hairs of plaiita;< 
r, c«?UuLosc: St stafcli-globule; Ch, ohJorophyl-globule ; F^ faC^globules ; Af* rnargiLri^J 

tie care is sufficient to dia^ose them; end if their identity is not plain^ a 
change of the glass \Wll suffice to note their character. 

Riist particles in both the cover glasses and slides also occur, and 
are larger or smaller, dark or rust-brown, irregular masses, which 
must not l>e mistaken for coloring matter in the )iriiie. The smaller 
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mass^ somewhat resemble hsematoidin crystals, but are always more 
irregular. 

Vegetable Matter (f^ee Fig, 100),^ — Vegetable matter of different forms 
may be found in the urine as an admixture from the faeces. Different 




Fio. 101.— Normal V 5(10). 

MF, MubcIq fibres; CT, cotmective-tisiii! Sp, spiral fibre: C, eellulose; ff, 

hftir of plant; AIS, tiiQcus^thread! ; ^fC, mui-iis-ri»r|ni.<cio^ E. cpithelia; Ph, tripJe phoiK 
phftlea; Stt stAfch-glabaJes j D, di^bris; M, mycelium; S^ Hareimi; Sa, sacehftromyuea ; 
Ff ffLt-globules containing ma^aric-acid, needteai; B€, baciUi &cd cocci. 

plants, which remain partially undigested and may be passed mth the 
f^eea in small masses, will present a variety of features. Spiral fibres 
from the air- vessels of plants are rjuite numerous in sueh maisses. Hairs 
of plants, as well as vegetable fibres, the latter resembling connective- 
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tissue shredB, vnll he found, besides particles of cellulose. We may fur- 
thermore see starch- and chlorophyl-globules, masses of spores, fat-glob- 
ules, and margaric-aeid needles. 

F(EC€8 (see Fig. 101). — Normal fa?ces may occasionally be found mixed 
wiih urine, and their constituents must be known. If they are present 
and their accidentid admixture can be excluded, the diagnosis of a fistula 
can be made. Although their features vary greatly, depending upon the 
food, the most common with a mixed diet are the following: 

Partly thge^ted muscle fibres of a yellowish or brown color are almost 
constantly seen; in many the striations mil be plainly visiblCj while in 
others no structure can be made out. Connective- tissue shreds from the 
meat diet, in small numl>ers, are also present. Spiral fibres, hairs of 
plants, and dififerent forms of cellulose are almost constant ingredients, 
as well as starch- and chlorophyl-globules, and fat in the form of globule 
and needles. 

Mucus- threads and mucus-corpuscles are usually found in normal i 
fieces, as well as different varieties of epithelia. The latter are mostly of 
the flat variety, derived from the mucous membrane of the anus, although 
a few columnar epithelia are not rare. Crystab of various kinds, but 
most commonly triple phosphates, may be quite abundant. Different 
no n- pathogenic bacteria, such as conidia and mycelia in small numbers 
(undoubtedly secondary products) , saccharomyces, and large numbers of 
bacilli and cocci, may be found, liesides these features masses of d6bris, 
digestefJ material, in smaller or larger conglomerations, will be seen. 

The extraneous matters here enumerated as occurring in the urine are 
those which are more commonly found, but other features may iDe seen at 
one time or another. For instance, water fungi of different varieties, al- 
though rare, are known to occur in urine. It will, however, be a com- 
paratively easy matter to recognize most of the extraneous objects. 
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Although it has been customary, in arriving at a correct diagnosis of 
diseases of the genito-urinary tract, to consider the microscopical exam- 
ination of the urine as only of secondary importance, and, in diagnosing 
the different inflammations of the kidney, to rely solely upon the pres- 
ence of casts, a perusal of the previous pages will show that the micro- 
scope is not only of the utmost importance in all these affections, but is 
frequently the only means of arriving at correct conclusions as to the nat- 
ure of the case. 

It is a well-known fact that in many cases in which a small amount of 
albumin is present in the urine, and in which the clinical symptoms seem 
to point to a nephritis, even if only slight, that diagnosis will not be made, 
because frequent examinations of the urine fail to reveal any tubular 
casts, and the physician is apt to rest satisfied with the diagnosis of 
'•functional albuminuria"; yet a large number of not infrequently se- 
vere cases of nephritis exist which never show casts in the urine. In cir- 
rhosis of the kidney, for instance, the presence of true casts is quite rare, 
and, when they are present at all, may be so scanty as to be entirely over- 
looked. 

On the other hand, many cases of nephritis, often lasting for years, 
will give such ill-defined clinical symptoms that a kidney inflammation 
is rarely thought of; and the examination of the urine, if made at all, is 
done rapidly and merely with the idea of satisfying one's self that casts 
are not present. Many of these cases will show only a trace of albimiin in 
the commencement stage, and might not only be greatly benefited, but 
entirely cured, if a proper diagnosis were made soon enough. Such a 
diagnosis can always be made from a microscopical examination of the 
urine, even without the presence of casts, and the larger number of the 
mild cases never show true casts in the urine at any time. 

The diagnosis of an inflammation or other affection of the kidneys is 
undoubtedly the most important, but a microscopical examination of the 
urine may also be the only means of positively diagnosing the nature of a 
disease of the pelvis of the kidney, the bladder, and the prostate gland, as 
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well as of clearing up a suspected case of inflammation of the seminal ves- 
icles. In the female, an inflammation or ulceration of the vagina, the 
cervix uteri, and the mucosa of the uterus can often be positively identi- 
fied from the examination of urine, without the necessity of an examina- 
tion of the patient. It can thus easily be seen that the microscope plays 
an extremely important role in geiyto-urinary affections, either giving the 
first evidence of a disease or helping to clear up a doubtful diagnosis. 

In the following pages only those affections will be considered which 
can be positively diagnosed from a microscopical examination of the urine. 



CHAPTER XVI. 

DISEASES OF THE KIDNEY AND PELVIS, 
i; INFLAMMATIONS OF THE KIDNEY AND PELVIS. 

Classification. — There are probably no diseases in which the opin- 
ions of pathologists differ so much, and in which the nomenclature is so 
varied, as in inflammations of the kidney — nephritis. The result must 
necessarily be confusion. Such different terms as Bright's disease, inter- 
stitial, desquamative, exudative, parenchymatous, and diffuse nephritis 
are met wdth, and congestion or hyperaemia, glomerulitis, pyelo-nephritis, 
and amyloid disease are all looked upon as different affections. While 
some authors use the term Bright's disease as indicating all the different 
varieties of nephritis, others call diffuse nephritis Morbus Brightii; others, 
parenchymatous nephritis; and still others, combinations of different va- 
rieties. 

A uniform classification of nephritis is difficult, since various phases 
of inflammation and degeneration are closely associated and often merge, 
and some authors separate a number of these different phases. One 
classification* is the following: 1. Acute parenchymatous nephrrtis or 
acute Bright 's disease. Varieties of this form are acute degenerative ne- 
phritis, acute catarrhal or desquamative nephritis, acute glomerulo- 
nephritis, acute diffuse nephritis, to which belongs the hemorrhagic form. 
2. Acute interstitial nephritis, non-suppurative in character, and suppu- 
rative nephritis. 3. Chronic parenchymatous nephritis; to this form be- 
long chronic diffuse and chronic hemorrhagic nephritis, also the large 
white kidney. Its terminal form is known as fatty contracting kidney or 
secondary interstitial nephritis. 4. Chronic interstitial nephritis, di\dded 
into primar}^ chronic interstitial or red granular kidney or arteriosclerotic 
nephritis or gouty nephritis, and secondary chronic interstitial, the ter- 
minal form of chronic parenchymatous nephritis. 

Delafield and Pruddenf mention three principal varieties of inflam- 
mator}' processes of the kidney: 1. Acute suppurative nephritis. 2. 
Acute diffuse nephritis. 3. Chronic diffuse nephritis. The variations in 

* Stengel. "Textbook of Pathology/' 4th Edition, 1903. 
t "Handbook of Pathological Anatomy and Histology," 7th Edition, 1904. 
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type in aeute diffuse nephritis arc the folto^iing: (a) Cilomemlo-nephritis; 
(b) parenchimatous or degenerative tji^e; (c) hemorrhagic type; (d) ex- 
udative t\*pe; (e) productive type or interstitial type. Variations in type 
in chronic diffuse nephritis are: (a) Parenchymatous or degenerative 
type; and (h) interstitial type, 

Ziegler* speaks of acute, subacute ^ and chronic Morbus BrighliL He 
considers the degenerative and inflammatory* changes together as hsema- 
togenous nephritis, and divides nephritis into (1) acute, subacute, and 
chronic hH>matogonous parenchymatous nephritis, the latter leading to 
induration and atrophy, and {2} into suppurative nephritis. 

It is unnecessary to go any further into the different classifications, 
which no two authors give alike, but it may be mentioned that some pre- 
fer to speak primarily of an acute and a chronic nephritis only, di\iding 
them into parench>Tnatous and interstitial secondarily. 

It is, therefore, not at all surprising that the patholog}^ of nephritis is 
considered to be one of the niost complicated chapters in patholog>^; yet 
it vAW become perfectly plain, and the features found in urine easily ex- 
plained, if we consider the anatomical structure of the kidney, which is 
that of a compound tubular gland, consisting of epithelial and connecti%^e 
tissue: the latter alone carries the blood-vessels, the contents of which, 
the blood, furnish the material from which the epithelia produce the 
secretions. 

Experiments have frequently been made to show that pathological 
conditions of the epithelia can exist independently of the underlying con- 
nective tissue carrjnng the blood-vessels. It has l>een asserted that in 
acute cases of poisoning, such as with cantharides and |>hosphorus, the 
pathological proce^ is confined to the kidney epithelia alone. Other ex- 
periments have, however, conclusively proved that an independent path- 
ological condition of the epithelia does not exist. The poison, before it 
reaches the epithelia, must pass the walls of the blood-v<^sels and the 
connective tissue lying between the epithelia and the walls of the blood- 
vessels, and has an irritating influence upon the latter. In tliis connec- 
tive tissue, changes are alwa)^? found, though they ma^^ be confined to 
serous transudation, sufficient to show that the epithelium cannot be- 
come diseased primarily and independently of the surrounding connectiii'e 
tissue. 

It is, therefore, e\ident that the classification by Virchow, of inflam- 
mations into interfitiiial, that is, eonfinetl to the connective tissue, and 
parcnchyniaimiSj confined to the epithelia, is not strictly correct* Every 
inflammation ib primarily an interstitial one, and every parenchymatous 



* ** Lehrbuch der speaidkn patbDlo^chen Anatomie/* 10, Auflag^i 19Q2, 
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inflammation must also at the same time be an interstitial one. It is per- 
fectly true, however, that the pathological changes may be more pro- 
nounced in the epithelia than in the connective tissue" the latter may 
not pass beyond the stage of serous transudation, while in the former 
coarse granulation, so-called cloudy swelling, may occur. In cases of 
phosphorus poisoning fatty degeneration ma}' l>e present. 

The character of an inflammation dei>ends to a great degree upon the 
nature of its exudate, which ma}^ be either serous, fibrinous, or albumin- 
ous. In former years inflammations of mucous membranes were divided 
into catarrhal and croujxjus; in the first a serous or sero-mucous exudate 
is formed, while in the second it is fibrinous in its character. These 
names, though not of great significance, are perhajis preferable to \^r- 
chow's terms — interstitial, desquamative, and parenchymatous — ^w^hich, 
as has been shown, cannot be carried out. An inflammation in an organ 
comj^osed of connective and epithelial tissue will affect alt its component 
parts to a greater or less degree, so that it will be diffuse to a certain ex- 
tent at the outset. The clifTerence exists only in the degree in which the 
different tissues are affected. We may, if w*e wish, speak of an interstitial 
inflammation when the pathological changes are more pronounced in the 
connective tissue, and of a parenchymatous inflammation when they are 
more pronounced in the epithelia. 

As every inflammation of the kidney is bound to be more or less dif- 
fuse in its character^by which term is not meant that it affects the en- 
tire organ uniformly, but simply all the component parts of the organ at 
the seat of inflammation — and the term Bright 's disease conveys no 
meaning as to the character of the infjammation, w^hich may run an 
acute, subacute, or chronic course, all cases of nephritis may best be 
divided in the follow7ng manner; 

1 . Catarr ha 1 , i n tersti ti al , or desq nam ati ve neph ri t is, 

(a) Acute. 

(b) Subacute. 

(e) Chronic, terminating in cirrhosis of the kidney. 

2. Croupous or parenchymatous nephritis, 

(a) Acute. 

(b) Subacute. 

(c) Chronic, terminating in atrophy of the kidney. 

3. Suppurative nephritis. 

(a) Acute. 

(b) Chronic, 

When the greater part or the entire kidney is transformed into a puru- 
lent ca^dty, the term pyonephrosis is applied. 

Congestion or hypera?mia of the kirlney cannot be considered as a sep- 
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arate affection, since it is either the first stage of a comiDencing inflam- 
niatjon or a mere irritation, which cannot be properly termed inflatnma- 
tory as yet, but which sooner or later will undoubtedly develop into an 
inflammation. 

Glomerulitis or glomerulo-nephritk is not an independent inflamma- 
tory process, but only a symptom of one of the inflammations, since the 
glomeruli are always attacked to a greater or less degree in ever\* nephritic. 

Fatty and waxy, or amyloid^ degenerations of the kidney are always 
secondary products, due to a chronic infiammation, and part of such an 
inflammation. 

Pathological Changes, — Let us now briefly consider the pathological 
changes which take place in these different inflammations of the 
kidney : 

1, Calarrhal Inflammation. — In catarrhal or interstitial inflammation 
of a mild character, an acdematoiis swelling of the connective tissue is 
present, with swelling and granular cloudiness of the epithelial covering i 
and subsequent desquamation of the epithelium. The blood-vessels show 
a more or less complete distention with blood- corpuscles, \nthout appar- 
ent alteration in the stnicture of their wa!ls. The cedematous swelling of 
the connective tissue, as well as the desquamation of the epithclia, is due 
to a serous exudation from the blood-vessels. On account of this serous 
exudation, the epithelia may become partly changed to mucus. 

In severer cases an inflammatory infiltration of the connective tissue, 
which leads to hypertrophy, takes place, with proliferation, dostjuama- 
tion, and, finally, hyperplasia of the epithelium. In the highest decree of 
catarrhal inflammation, all the constituent parts of the kidney tissue have 
disappeared in the inflammatory infiltration* 

At the very commencement of an inflammation, the production of 
pus-corpascles takes place, partly from the emigration of white blood- 
corpuscles, parth^ from the interstitial connective tissue and partly from 
the epithelium, which latter undoubtedly entei^ into the formation of 
pus-corpuscles to a great degree by division and endogenous cell-prolif* 
eration, as hail already been shown by George Johnson, in the year 
1852, As long as the newly formed corpuscles remain in connection with 
the tissue, we have inflammatory^ corpuscles; but as soon as they are 
torn from their connection with the tissue and appear in the urine, the 
term pus-corpuscles must pro}>erly be applied to them. 

When the disease has become chronic, the surface of the kidney m 
marked by iiregidar, shallow depressions, or by granulations, the <*apsule 
being adherent in most cases. The iiregidar depressions are due to re- 
tractions of newl^" formed connective tissue, whicli is formetl at the ex- 
pense of the urinifcrous tubules, Chronic catarrhal or interstitial nephri- 
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tis invariably leads to a shrinkage — cirrhosis — of the kidney* The whole 
kidney is considerably reduced in size, and the irregularities on the surface 
are well marked. Both the cortical and medullar^' substances are much 
narrower than in the normal condition ; this being more particularly the 
case in the cortex^ of which, in advanced stages, only slight remnants are 
left, corresponding with the elevations of the surface. There is a partial 
destruction of tufts or glomeruli, tubules, and blood- vessels. The newly 
formed connective tissue is more or less regularly distributed throughout 
the kidney structure, the uriniferous tubules being in part transformed 
into connective tissue, while still retaining the outlines of their original 
confijpiration. 

The obliteration of a nnml>er of the narrow tubules, inclutling the 
ascending and descending branches, explains the clinical fact that per* 
sons affected with cirrhosis of the kidney void large quantities of urine 
almost destitute of salts. It is well known that from the glomerulus only 
a water)* liquid, containing few salts, is voided^ which becomes thicker by 
the addition of the saline constituents excreted by the narrow tubule. 
It is in the narrow tubules that much of the watery" part of the urine is 
restored to the thickened blood running in the neighboring capillaries. 
If the function of the tubules be much interfered with, the interchangie 
between the liquid contents of the tubule and the solid constituents of the 
blood will not take place, and consequently the urine will be voided in 
about the same condition in which it was pressed into the capsule from 
the tuft* Numbers of the convoluted tubules perish also through the in- 
creased formation of connective tissue, while from others the epithelia are 
simply desquamatcti and appear in the mine. 

2. Croupous Inflammation. — In croupous or parenchymatous inflam- 
mations the surface becomes partially or completely denuded of its epi- 
thelium, a coagulated albuminous or fibrinous exudate is formed upon 
the surface, there is considerable hyperiemia of the blood-vessels, as weU 
aa a pronounced swelling and inflaniraatort* infiltration of the connective 
tissue. E. Wagner has shown that the epithelia enter yery activel>- in 
the formation of the so-called croup membrane, and their protoplasm 
becomes almost completely destroyed in the fibrinous exudate. 

In this variety of inflammation the emigration of colorless blood-cor- 
puscles is quite pronounceiL Epithelia alone cannot produce a croup 
membrane, but require the presence of an exudate from the b5ood^ and 
the essential constituent of the croup membrane is the coagulable albu- 
minoid body from the blood. We now have the formation of casts; the 
epithelia lining the tubules l>ecome saturate^l with the albuminous exu- 
date, swell, grow pale, and finally, by coalescence of the epithelia thus 
degenerated, produce the mass calleil a tubular cast. 
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In chronic croupous nephritis the kidney has an entirely different ap- 
pearance from that found in chronic catarrhal nephritis and cirrhosis of 
the kidney. It is more fretjuently enlargetl than diminished in size. The 
surface is often nodulated, and between the noilules are seen deep cica^ 
tricial retractions. These retractions are never found imiformly over the 
surface, and the capsule Is adherent to the retractions. The cortical sub- 
stance is absent in those parti? corresponding \rith the retractions of the 
surface, while in other places the cortex may be unaltered or even in- 
creased in bidk. The p\Tainidal substance may be unchangetl or may be 
diminished. In contradistinction to the more or less uniform shrinkage 
of the kidney, to which the name cirrhotic Ls given, the partial destruction 
of the tissue which occurs in chronic croujious nephritis may be termed 
utrophy, since in the most diseased portions only traces of the original 
kidney stnicture vAW be found. 

In the depressed cicatricial portions of the cortical substance a large 
amount of connective tissue, only scantily supplietl with blood-vessels, is 
found. There is no regularity in the arrangement of the connective tis- 
sue, and only remnants of the former tubules are found, together with ir- 
regularl_v scattered sections of tubules, from which the epithelial lining 
has entirely disappeared. In the most pronounced cases, in ailtlition to 
the atrophied portions, the large amount of newly formed connective tis- 
sue present in different places constitutes a regular hypertrophy. 

Both fatty and waxy degeneration may be present in ciiThotic as well 
as in atrophied kiilneys, hut these chang<^ are much more pronoiuiced in 
the latter than in the former. In the so*called large white kidney, the 
highest degree of fatty degeneration occurs as a secondary result of 
chronic croupous nephritLs. C^^tic degeneration may also be present in 
these cases, and is more pronounced in chronic crouiwus nephritis, 

3. Supptfrative Infliimmatwn. — Tlie most intense variety of inflamma- 
tion of the kidney is the suppurati%'e, which is similar to the formation of 
an al>scess in other organs. For a long time this variety %vas considered 
to Ive a purely interstitial inflammation, since the opinion prevailed that 
pus-corpuscles could be formetl only from connective- tissue cells. There 
is, however, no doubt, as previousl}^ stated, that the epithelia take an ac- 
tive part in the formation of pus. The blood-^'essels soon become de- 
stroyed in this variety. Pus is disintegrated tissue, and in its formation 
nil the elements of the tissue take part. 

There may lie either a number of small disseminated foci of suppura- 
tion or a large abscess, usually , if not invariably, caused by an invasion 
of pyogenic cocci. Besides the abscess, the kidney may present the feat- 
ures either of n catarrhal or of a croupous inflammation. When the ab- 
become chronic^ a dense connective-tissue capsule, the pyogenous 





DISEASES OF TEE KIDNEY AND PELVIS. 187 

membrane, may occasionally be found, and the pus becomes inspissated 
into a cheesy mass. 

With these remarks upon the pathology of the diflfercnt varieties of 
nephritis, we are ready to understand the features found in the urine of 
these cases. Although it is not possible to diagnose an acute, subacute, 
or chronic inflammation from the urine alone, in all cases of nephritis, it 
can undoubtedly be done from the different features seen in most cases, 
especially the more pronounced. 



CONGESTION OR HYPERiEMIA OF THE KIDNEY. 

From what has been said before, it is evident that the diagnosis of an 
inflammation can be made as soon as pus-corpuscles are found in the 
urine; without these, no such diagnosis Ls possible. In some cases, in 
which a trace of albumin is present, or no albumin whatever is found, an 
extremely small number of pus-corpuscles, perhaps one or two in every 
field of the microscope, is seen, together with the same number of epithe- 
lia from the convoluted tubules of the kidney, and a few red blood-cor- 
puscles. These features, when present in such ver\' small numbers, are 
not sufficient for the diagnosis of an inflanmiation, though the urine can- 
not be called normal. In such cases the diagnosis of a congestion or hypers 
annia of the kidney is possible, and in them we do not expect to find true 
casts. As soon as tnie casts are present, even if the features are very 
scanty, a distinction between severe congestion and inflammation is prac- 
tically impossible in most cases. 

In some, though not in all, cases of congestion, an increase of mucus, 
in the form of both strings and corpuscles, is noticeable; and here cylin- 
droids, which can sometimes hardly be distinguished from hyaline casts, 
may be present in small or moderate numbers. When these features are 
found, caution is necessar>', since such an increase of mucus is often seen 
as a pre-stage of an inflammation, especially in acute eruptive and in- 
flammator>' diseases, such as scarlet fever, diphtheria, and pneumonia. 

Causes, — Congestion of the kidney is of common occurrence, but is 
frequently overlooked. It may be present accompanying almost any dis- 
ease, and may be produced by difTerent medicinal agents, such as cu- 
l)ebs, copaiba, turpentine, cantharides, and mineral acids. Occasionally it 
seems as if simple exposure to cold and moisture is sufficient to produce 
it. In cases of catarrhal or gonorrhcoal urethritis, especially if accom- 
panied by slight prostatitis, an irritation of the kidney is often found, 
giving the features enumerated above. The presence of an increased 
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amount of salts, such as iiric acid or calcium oxalate, will not infrequently 
be responsible for the condition. 

If the cause which has produced the congestion be quickly removed, 
the affection may disappear at once; but if not, an inflammation will 
sooner or later r^ult. 

If the congestion is pronounced^ a more or less severe hemorrhage front 
the kidrwy may take place, even T^ithout an inflammation. In such cases 
red blood-cor|:>uscles will be numerous, epithelia from the convoluted tu- 
bules may be somewhat more abundant, and, in addition, scanty ♦ delicate 
shreds of connective tissue will appear in the urine. All the features may 
have a yellowish hue from the coloring matter of the blood. 



CATAHTUL'tL OR INTERSTITIAL NEPHRITla. 

Catarrhal, interstitial, or desquamative nephritis frequently runs a 
comparatively mild coursCj being, as a rule, the mildest of the three vari- 
eties of inflammation. Severe acute cases, which may cause the death 
of the patient, do, however, occur Catarrhal nephritis is a much more 
common affection than is generally supposefi, and may exist for many 
years withorit gi\ing m\y pmnounced clinical symptoms. It is by no 
means rare that a luine w^hich is examined microscopically with a view of 
det-ecting other affections will show the presence of such an inflammation 
before the clinical symptoms are clear, thoup;h the patient may have suf- 
fered for a long time from occassional headaches and general depression* 

Cau&es. — Catarrhal nephritis often exists in a mild degree without any 
known cause* lux po sure to cold and moisture seems to lie a frequent 
cause, as are also different medicinal agents, such as arsenic, iodine, phos^ | 
phorus, mercun% turpentine, and cantharides. In lead- poisoning the dis^ 
ease is often present. It is not infrequently found in i»ei'sons of sedative 
habits and hi those with a so-called gouty or rheumatic diathesis. That 
persons suffering from gout and rheumatism usually void a large amount 
of uric acid m well known ; but there are others who continually void urie ' 
acid and calcium oxalate in excess without ginng any rheumatic symp- 
toms. In these cases— hthijemia and oxaluria — catarrhal nephritis fre- 
quent \v occurs, and it seems that the excess of the salts, or the concentra- 
tion of the urine itself, has an irritating tendency upon the kidney tissue. 
The continued use of alcohol is an important factor in the production of 
the dkeasc. 

In acute cont.agious diseases croupous nephritis is of more comniOQ 
occurrence than catarrhal , but the latter, contrar^^ to the general belief, 
undoubtedly occurs. If the urine is carefully examined in these diseas^t 
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a small amount of albumin, perhaps not more than a trace, may be found 
in the milder cases, and upon DMCroecopical examination the features of 
a catarrhal inflammation are seen. Even in some fatal eases, an exam- 
ination of the kidney may reveal a catarrhal and not a croupous inflam- 
mation. In pregnancy, also, catarrhal nephritis occurs, and is not at all 
rare. 

As a secondary affection, this variety of inflammation may be pr^ent 
in many acute and chronic fatal diseaseSi so much so that, upon post- 
mortem ex ami nations, absolutely healthy kidneys are usually found only 
after death by accident. 

Finally , catarrhal nephritis is common as a result of various genilo- 
urinarj^ affections, as, for instance, in some cases of gonorrhoea, when first 
a prostatitis, then, in succe^ion, a cystitis, pyelitis, and nephritis ^ill de- 
velop. In syphilitic and tiibercular affections it is frequently seen. 

Clinical Symptoms. — The clinical symptoms of the disease vary greatly, 
but in the milder cases are ana&mia, occipital headache, pain in the lumbar 
region, loss of apjietite, sleeplessness, and general depression. In cirrhosis 
of the kidney the s>Tnptoms are pronounced, loss of flesh and strength is 
well marked, vomiting may be fre<|uent, there may be d3^spncea, and the 
pulse is tense, hard, and often full. The acute cases may occur at any age, 
but the chronic eases are mostly found in persons more advanced in years, 
especially after the age of forty years. 

Features Found in Urine. — Albumin, although present in most of the 
cases, may be found in verj' small amount only, and m some it seems to 
be entirely absent. A large amount of albumin is rare in catarrhal ne- 
phritis, and is seen only in the severe cases. In many, a trace of albumin 
only vnl\ be found, and unless a careful observ^ation is made, it may escape 
detection entirely. The question whether a pronounced inflammation of 
the kidney may exist vnih entire absence of albumin is still an open one. 
Many authors claim that it does occur, but many times when albumin is 
said to be absent careful examination will show a trace. It is undoubt- 
edly a fact that in catarrhal nephritis albumin may be absent at certain 
time®, but frequent examination wiU almost invariably show at least a 
trace in evert"" case. 

The specific gra\ity, amounti and appearance of the urine will vaiy 
greatly. In milder cases these may be perfectly normal In acute ca^ 
tarrhal nephritis the specific gravity is, as a rule, somewhat higher than 
normal, the amount slightly decreased, and the color darker. The amount 
of urea is usually increased, and salts may be present in rather large num- 
bers. In chronic cases the amount of urine is invariably increased, some- 
times to a great degree; the specific gra\dty is low and the color pale. 
In such cases the specific gravity is not infrequently below 1.012 or 1,010 
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eontinimlly, the amount of urea and salte being diminished. The sedi- 
ment found in the urine varies, but is usually small, and may at times 
be no more abundant than in normal urine. 

A {)ositive diagnosis of catarrhal or interstitial nephritis is in many 
eases possible only by a microscopical examination of the urinaty sedi- 
ment. This \vi\\ VB^ry in acute^ subacute, and chronic cases. The diagno- 
sis of a nephritis can be made when pus-corpuscles and epithelia from the 
convolutefl and narrow tubules of the kidney are present in the urine. 
Columnar epithelia from the straight collecting tubules are of rarer oc- 
currence, and indicate an invasion of the pyramidal substance. 

Before the presence of epithelia from the convoluted tubules of the 
kidney can }yo diagnosed, pus-corpuscles must be found and taken as a 
standard, since the latter vary^ in size to a certain degree in every given 
case. Kidney epithelia from the convoluted tubules are about one- third 
larger than the pus-corpuscles. These epithelia are never found in nor- 
mal urine, and to render their diagnosis positive, they should always be 
compared with pus- or white blood-eorpusc!es. A single kidney epithe- 
lium is of no value for the diagnosis, and a small number, at least, should 
always be found, in order to remler the diagnosis positive, since, as is well 
know^n, pus-corpuscles vary in size to a small degree even in the same case. 
This difference is, however, small, and never so pronounced as to render 
the diagnosis between pus-corpuscles and kidney epithelia difficult. The 
difference in ^ize between the tw^o can alone determine the nature of the 
epithelia, since the presence or absence of a nucleus has no significance 
whatever. A nucleus may be seen in pus-corpuscles, as well as in epithe- 
lia, though it is found more frequently in the latter than in the former. 
In finely granular pus-corpuscles a nucleus will always be visible, while 
in coati^ly granular epithelia it mny not be seen. 

Kidney epithelia from the convoluted as well as those from the narrow 
tubules generally have a round shfipe in urine, though anguhu- or irregu- 
lar forms are also seen. When the urine is still warm at the time of ex- 
amination, or in a %varm temperature, the pus corpuscles may not infrc- 
cjuently show amceboifl movement and assume a variety of different 
shapes, while the kidney epithelia, as a rule, retain their round or slightly 
irregular form.* 

In this variety of nephritis casta are usually absent; if they are pres- 
ent at all, they are found in extremel}^ small numbers, and theii we almost 

♦Attention should here again b^ callwi to the fact that low mapnifyinjE powem 
of 100 or 150 diameters are atisolutely useless for a diagnoais of kidney epithelia. 
A magnifying power of at least 400 diameters must be used, and with such a 
power the difference between pus-oorpuscles and kidney epithelia becomes appar- 
ent at once. 




Fia. 102,^AciJTE C^TAJtauAL PvELO-KEPHiiiTia (AeiTTE Intehstitial Nefhritis) 

AHO CraTiTJs ( X 500). 
RB^ Red blood-eoq^uscles; jPC, ptL^corpusclea ; CE, epitbetla from the convoluted tubuteEi 
of *he kidtiey : UE, epithdim from tlie ureter; PE, epithelia from tlie t^^lvis of the kidtitv; 
UB^ epithelia from the upper Jayefij of the bJa^lder; MB, epithelium from the middle 
layer? of the bladder; UAt uric acid; UGt unc-acid gravel; USf sodium urate; OCf 
calcium oxalate. 



J}mEA8E8 OF TEE KIDNEY AND PELVIS. 



10S 



invariably see small hyaline casta from the narrow tubules only* The 
diagnosis, however, hinges upon the presence of epttheUa from the con- 
voluted and narrow tubules and pus corpuscles^ together with other feat- 
ures to be presently mentioned. 

Acute Catarrhal or Interstitial Nephritis (Fig;, 102), — In an acute 
catarrhal nephritis the pus-corpuscles and cuboidal epithelia from the 
convoluted tubules of the kidney are present in at least moderate but 
usually large numbers; the more numerous these features, the severer is 
the nephritis. Besides these, we usually find red blood-corpuscles in mod- 
erate or fairly large numbers, though they are not sufficiently numerous 
to admit of the diagnosis of a hemorrhage. Moderate nmnbeiB of red 
blood- corpuscles always indicate an acute inflammation. 

These three features are perfectly sufficient for the diagnosis, but are 
rarely found alone. In many cases different salts, such as calcium oxa- 
late^ xuic acid, and sodium urate, are found in small amount* In the se- 
verer cases a few columnar epithelia from the straight collecting tubules 
are also present. As a general rule, an inflammation of the pel™ of the 
kidney is associated with the nephritis, though this may be absent. 
When present, the irregular, lenticular, pear-shaped, or angular epithelia 
from the pelvic are also seen in var^nng numbers, and the tliagnosis of a 
p^felo-nephritw can be made. Such a diagnosis does not by any means 
suggest an abscess of the kidney, as is frequently supposed, but simply 
the extension of the inflammatorj^ process to the pelvis of the kidney. 
Besides th^e, epithelia from the ureters in small numbers, which are 
about twice the diameter of pus-corpuscles, and therefore larger than the 
kidney epithelia, are rarely absent. 

If the nephritis is at all pronounced, symptoms of an accompanying 
cystitis are also seen, and we mil then find larger cuboidal epithelia from 
the middle layers of the bladder — which in urine apiiear round or oval in 
most cases — as well as flat epithelia from the upjier layers with the other 
features. 

The severer the acute inflammation the more abundant are the ac* 
compan}nng feature of pyelitis and cystitis. In such severe cases hya- 
line casts from the narrow tubules are occasionally present; if these are 
seen in small numbers only, the diagnosis does not uece^arily become 
changed. The latter feature is comparatively rare, and in most cases 
casts of any kind are entirely absent. 

Chronic Catarrhal or Interstitial Nephritis (Fig. 103). — As soon as 
the inflammation has become chronic, the features in the urine are differ- 
ent. Red blood- corpuscles are now either entirely absent, or, when pres- 
ent, are found in small numbers only. We observe, however, a var}dng 
number of small, glistening, highly refractive globules and granules, partly 
IS 



% 



194 URINARY ANALYSIS AND DIAGNOSIS, ■ 

l3ring free, partly in the piis-corpusclDs and epithelia. These are fat^lob- 
ules and -granules, and the more numerous they are the more chrome is 
the inflammation. They are found in larger or smaller groups scattered 
throughout the field > and are seen io varying numl^ei^ in the pus-corpus- 
cles anil epithelia. In milder cases only two or three may be present in 
some e[*ithelia, while they are absent in others; but in the old, chronic 
cases almost every epithelium mil be seen filled with the glistening glob- 
ules. Wlien very numerous, they not only denote chronicity, but also a 
commennxTig fatty degeneration of the kidney, which, in this variety of 
nephritlsj i^ never pronounceil. Fat-globules are not seen in acute cases. 

The features found in a chronic catarrhal nephritl'? are, therefore, the 
following : Pus-corpuscles, some containing fat^globiiles and -granules ; cii- 
boidal epithelia from the convoluted tubules of the kidney, a few, or the 
larger number, containing fat-globules; free fat*globules in different 
groups; in the severer eases, also, columnar epithelia from the straight 
collecting tubules, usually in small numbers onJy. Irregular or round 
epithelia from the pelvis of the kidney, cuboidal (round) epithelia from 
the ureters, and still larger cuboidal epithelia from the middle layers of 
the bladder^ cither with or without fat'-globules, may be present in small 
or moderate numbei^. 

Another feature of chronicity which may occasionally be found is 
hsematoidbi, in the form of rust^bro\\ii needles and plates. These may 
either lie free or when of small size may be seen in the pus-corpuscles and 
epithelia. They denote a previously existing hemorrhage, and show that 
the pathological process cannot be an acute one. 

Red blood-corpuscles, as previously mentioned, are either entirely ab- 
sent in a strictly chronic case, or, when pr^ent, are found in small num- 
bers only. Not infrequently, however, all the features of a chronic in- 
flammation are seen, and yet blood-corpuscles are fairly numerous. This 
invariably denotes a fresh acute outbreak engrafted upon the chronic 
process. Such acute attacks are not rare in cases of long standing, and 
may be produced by the slightest cause, such as exjMxsure to cold, de- 
rangements of digestion J etc. x4gain, the chronic inflammation may be 
confined to one kidney and an acute process affect the second kidney. 

In Subacute Catarrhal Inflammations some features of both the a^ute 
and the chronic form will be foun^l. We have a small or moderate num- 
ber of re<l blood-corpuscles and a small number of fat-globules, the latter 
being rarely seen in groups, but only in a few pus-corpuscles and epithelia, 
and thexe may be only one, two^ or three in them. The other features re- 
main the same. 

When the features as here described are present , it will not be difficult 
to tell whether an inflammation Is acute, subacute, or chronic; but some 
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eases may at times be seen where neither red blood-corpuscles nor fat- 
globules can be discovered, and then the diagnosis of a simple catarrhal 
or interstitial nephritis can alone be made* These cases are usually of a 
mild character 

Besidee all these features, the appearance of the pus-corpuscle, as 
noted in a previous chapter, must be taken into consideration, and may 
help to clear up the case where the clinical features and the historj^ are 
vague. As long as the constitution of the patient is still fairly good^ 
which can easily be determinetl by the number of coarsely and finely 
granular pus-corpuscle present in the case, we may feel confident that 
the nephritis cannot have lasted any length of time nor be a severe one. 

Cirrhosis of the Kidney (Fig. 104). — The outcome of chronic ca- 
tarrhal nejihritis is always a shrinkage — cirrhosis — of the kidney, the so- 
called hob-nail kidney. The features of this, as seen in the urine, are so 
characteristic that a positive diagnosis can always be made. They are 
the following: 

1. A large amount of urine, being occasionally increased to double the 
normal quantity or more, and the color being pale. 

2. A continuously low specific gravity, usually below 1.012 or 1.010, 
or even not more than 1,006 at any time. 

.^. The presence of a small amount or perhaps not more than a trace 
of albumin. 

4. A diminution of all salts. 

5. Pus-corpuscles^ pr^ent in small numbers, some containing fat- 
globules. 

6. Epithelia from the convoluted and straight collecting tubules of 
the I'idney, in small numbers, some or even all containing fat-globules. 

7. Free fat-globules and -granules. 

S. Connective-tissue shreds, of small sizes and in small numbers only. 

9. Broken-down constitution, as seen by the pale, finely granular pus- 
corpuscles, in which not infrequently one or more nuclei become plainly 
\isible. 

Epithelia from the pelvis of the kidney, the ureter, and the middle 
layers of the bla^lder may also be present. 

As pre\aously explained, urine from a badly diseased kiilney contains 
few salts. In some cases, in which all the other features of a cirrhosis are 
present, a large amount of salts, such as uric acid or phosphates, is also 
seen, the specific gravity being 1,014 or higher. The conclusion which 
can then be reached is that only one kidney has so far become affected, 
the salts being voidetl by the other kidney. The prognosis will, in such 
cases, be better than when salts are not seen under the microscope. 

Catarrhal PyeEtis.— A few words should here be said about ear 
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tarrlaal pyelitiB, which is occasionally a priinarj% independent affectioa. 
It has betin ckimed that the temi ** catarrhal '' for an inflammation of the 
pelvis of the kidiiey is incorreet. As these inflammatioiis, however, have 
undoubtetlly the character of catarrhal processes,* we can speak of ca- 
tarrhal pyelitis, just as of catarrhal nephritis. 

When pyelitis occurs as such, it is easily diagnosed from the urine, the 
features being the same as in catarrhal nephritis, except that peUnc epi- 
thelia instead of kidney epithelia are found. Being in many cases due to 
an abundance of saltiS, the.se will usually be present in such cases. As a 
rule, pyelitis is an accompanying element of a nephritis ^ giving us a ca- 
tarrhal pyelo-nephritL'5* viith the features as above described. 

Ureteritis.— A primary, independent inflammation of the ureter is 
raxei a ureteritis b^mg almost invariably secondary to a pyehtis or a cys- 
titis. It may be caused by infections of any kind or may be due to im- 
pacted calculi. In a catarrhal inflammation the same features as those 
seen in nei>hritiR and pyelitis are seen* except that epithelia from the ure- 
ter alone are found. Ulceration ami suppuration may also occur, giving 
features similar to those seen in ulcerative and suppurative conditions to 
be described in other organs. In the latter processes, however, columnar 
epithelia are present. In injury to t!ie ureter due to the ureteral catheter, 
red blood-corpuscles, small cubfiidal and columnar epithelia, and connec- 
tive-tissue shreds are seen in the \irine. 



CROUPOUS OR PARENCHYMATOUS NEPHRITIS » 



Croupous nephritis is usually a severer affection than the catarrhal, 
and is not quite as frequent as the latter. When present, its symptoms 
are ahvays more or less pronounced, and only in rare cases vdW it exist for 
some time \^ithout gi\dng symptoms sufficiently characteristic to suspect 
a nephritis. 

Causes. — Its causes are numerous, being partly the same as those 
foimd in the catarrhal variety. Exposure to cold and moisture is a com- 
mon causfij and it is not infrequently the consequence of irritant poisons 
acting upon the system, such as tuqientine, bichloride of mer€ur>'. can- 
tharides^ arsenic, large doses of iodide of |X>tash, and occasionally even 
chlorate of potash. As in catarrhal nephritis, it may be fount! in persons 
of a sedative habit and iii those sufl'enn^ from a litha^mia. The continued 
use of alcohol is an important cnusative factor. 

Among the most common caus^ in the production of the disease are 

♦ Zm^eTf ** r^ehrbuch der Bpeciellen pathotogischcn Aimtontije/* 10* Aufinire, 
1902. 
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the acute eruptive and inflammatory diseases, espe<?ially scarlatina, diph- 
theria, and pneumonia; l^s frequently typhoid fever and smallpox. It 

is occasionally seen during pregnancy, though it is not always easy to ac- 
count for its occurrence. Pressure producefl by the gravid uterus may be 
partly responsible for it. In chronic affections, such as heart diseases, tu- 
berculosis, and syphilis, it may also be seen, as well as in rarer cases of 
malarial poisoning. 

As a result of strictures of the urethra^ prostatitis, and hypertrophy 
of the prostate gland, crouix)us nephritis is occasionally seen. The orig- 
inal inflammation is the cause of a cystitis, and, from the bladder, it as- 
cends to the ureters, pelves, and kidneys, ending in a croupous nephritis. 
A peculiar occurrence is its appearance in strong, healthy athletes during 
active training, especially when they subsist upon a meat diet ; the same 
may be the case in fat people who desire to reduce their w*eight quickly 
by an exclusively meat diet. 

Cliniml Sympioms, — The clinical s>Tnptoms vary with the intensity of 
the process, though aniemia, headache, loss of appetite, emaciation, nau- 
sea, and loss of strength are all generally present. Severe acute cases 
may be ushered in by chills, followed by a rise in temperature. Very 
soon cedema i^Hll appear, first being localized, especially on the eyelids, 
but soon becoming general, invoHing the face, hands, feet, and cellular 
tissues generally. To these sj'mptoms will be added dull, aching pains in 
the lumbar region, and, in the severe cases, ura^mic symptoms. 

Features Found in Urine. — .\lhumin is almast invariably present in 
comparatively large amount, and in some cases may be extremely ahim- 
dant, reaching one-half of one per cent or even more. It is claimed that 
occasionally croupous nephritis may exist without the presence of any al- 
bumin ; that albumin may exceptionally occur in small quantities only is 
undoubted, but it is probably never absent altogether, as eaieful tests 
for albumin will show. 

In acute croupous nephritis the amount of urine is usually decrease<l, 
sometimes to a great degree, and in the severer and fatal cases may sink 
to a few ounces in the twenty-four hours, or may even be practically sup- 
pressed. The specific gravity is in many cases higher than normal, often 
reaching 1.030 or more, and the color dark, being sometimes quite pro- 
nounced, since hemorrhages frequently occur. The amoimt of solids, 
especially urea, voided during the twenty-four hours is usually decreased 
to a greater or less rlegree. In chronic nephritis the amount of urine is 
also at first decreased, but later becomes more abundant, though never in 
as pronounced a degree as in chronic catarrhal inflammation. The spe- 
cific gravity gradually becomes lower, until in atrophy of the kidney it is 
never more than 1.012 or considerably less. The color varies, being 
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pale in the later stages. The saliment found m the urine is always quite 
abundant, and when once Beparated does not readily mix with the wa- 
ter}^ portion. 

As in catarrhal nephritis, a positive diagnosis of croupous or paren- 
chjTnatons nephritis is in many c^a^es possible only from a microscopical 
examination of the urinary sediment, Tliis \yil\ vB,ry considerably in 
acute, subacute, and chronic cases. In this variety pf nephritis the pre&- ! 
ence of casts in larger or smaller numbers is a constant feature, Ttithout 
which the diagnosis can never be made, and the greater the number of 
casts, the worse, as a rule, the inflammation. True castxS isill, however, 
never he found in urine v^ithout the presence at the same time of pus- 
corpuscles and kidney epitheliaj the latter not only from the convoluted 
and narrow tubules, but frequently also from the straight collecting tu- 
bules, though these may be absent in mild cases. 

The varieties and sizes of the easts are of ^eat importance for the 
diagnosis and prognosis. In strictly acute cases we will never find fatty 
or waxy casts, and only occasionally a few granular casts, while hyaline 
and epithelial casts are alwa^^ present in larger or smaller nimibers, and 
blood casts in the severer, hemorrhagic forms. Again, the severity of the 
process can easily be determined bv the size of the casts — when the small- 
est casts from the narrow tubules alone are pre^^nt in small numbers, the 
parenchymatous nephritis will be of a mild character, and recovery is the 
ni!e. Casts from the convoluted and narrow tubules together, the former 
being of medium size, denote a proc^is of moderate severity; but as soon 
as the largest casts, coming from the straight collecting tubules, are pres- , 
ent vdth the other varieties, we know that the inflammator)^ process has 
affected the whole kidney— that is, both cortical and p^nramidiil substance ' 
^and is a severe one; therefore, a doubtful prognosis only can be given. 

Acute Croupous or Parenchymatous Nephritis (Fig. 105),— When 
we examine the urine from a case of acute uroupout? nephritis, the features 
are found to be numerous and characteristic. The most pronounced ele- 
ments are undoubtedly the casts, which are seen in varying mimbers in 
ever>^ field of the microscope. In such cases, two varieties of casts are 
usually found — ^the hyaline and the epithelial, the latter studded with 
epithelia to a greater or less degree* The more numerous the casts, the 
severer the inflammation and the more albumin the urine usually con- 
tains. 

Besides the casts, pus-corpuscles, reel blood-corpuscles» and epithelia 
from the convoluted tubules are always present. They are found in mod- 
erate or large numbers* the kidney epithelia l>eing frequently seen massed 
together. Red blood -corpuscles are found in every field, thotigh, un*esa 
a hemorrhage has taken place, they cannot be called very abundant. 
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Epithelia from the straight collecting tubules may also be seen, and those 
from tlie ureter and pelvis of the kidney almost invariably accompany the 
other features. In some cases, there will also be an accompanying acute 
cystitis, shown by the presence of epithelia from the up]ier and middle 
layers of the bladder. 

In these acute ceb^, mucus is present in fairly large amount, the pale 
stiingp being sometimes of considerable size, irregular, and finely striated. 
Not infrequently mncus is found in the form of casts^ — the so-called cylin- 
droids. The presence of these has no further significance than the pres- 
ence of mucus in general, and they may be seen in inflanimations of any 
one of the genito^iirinar)' organs. When they exist i n a ch aracteristic form, 
they can hardly be mLstaken, as they are alwa\^ faintly striatetl; but not 
infrequently they are so faint that their striation becomes visible only 
upon shar[D focusing, and caution is here necessar>^ not to mistake them 
for hyaline casts, which is frequently done. In size and shape they may 
resemble hyaline casts, which latter, however, are never striated. When 
they assume an irregidar, convohttetl form their diiignosis is easy. 

In the severer cases of acute croupous nephritis small shreds of con- 
nective tissue will be present; they are nevi^r large or numeroiLS, and their 
higher refraction and pronounced fibrillary structure are sufficient to dif- 
ferentiate them from mucus. Besides these feature?^, crystals of creatinin 
may be present in intense eases in which unemic eonvulBions not rarely 
develop. The illustration is taken from a case of severe nephritis, which 
ileveloj^ed in the thirtl week of scarlet fever and caused the death of the 
patient. The urine contained large numbers of characteristic creatinin 
lozenges and plates. 

Besides the cases just described, severe cases with prouounceil hemor- 
rhage are often seen, and i^^ll give somewhat difTerent features (Fig. 106), 

The urinary sediment contains a large num1>er of red blood-corpuscle© 
in every field, together with many blootl casts. The blood casts are partly 
filled with red blood-corpuscles, which have retained their normal ap- 
pearance, and partly with disintegrated blood-globules, in the form of ir- 
regidar brown masses, gi^dng to the whole cast a rust-brown appearance ; 
blood casts assume this character when the\' have been retained in the 
tubules for some time. Sometimes the larger portion of the cast contains 
fully forme<l red blood-corj)Uscles, while the disintegration has com- 
menced in a small portion. Besides these casts, hyaline and epithelial 
ca.*5ts are foiuul in large numbers, a!id in these cases we almost invariably 
find large casts from the straight collecting tubules. 

Epithelia from the straight collecting tubules are usually quite abun- 
dant, and connective-tissue shreds are larger and more numerous than in 
the preceding. In an active hemorrhage such connective-tissue shretts 
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are cast off in fair numbers and found in the urine. Sometimes masses' 
of fibrin are also found. The other features are the same, there l>eing 
in most cases an accompanying inflammation of the pelves, the ureters, 
and the bladder. 

Subacute Croupous Nephritis (I'ig. 107).— After a croupous or [>ar- 
enchymatous nephrili>i; haf> lasted for some time, the caste, or rather some 
of the easts, eommence to change. Such a change is rarely noticed until 
four or six weeks after the commencement of the inflammation, but oeea- 
sionally, especially in nephritis after scarlet fever in children, may take 
place in one or two weeks. 

The first change will be seen in the epithelial casta, some of the epi- 
thella breaking do%Ti into granules, giving us an epithehat-granular easL 
Very soon, however, perfeet grantilar casts, without any trace of cpithe- 
Ha, are also found in small or moderate numbers, and these, in exce[>tional 
cases in children, can be seen as early as one week after the inflammation 
has startedj being then scanty. 

The next change which takes place is the transition of the granules 
into glistening, refractive fat-granules and -globules, at fii^t only two or 
three being noticeable in a granular east, and later on a larger numl^er. 
Traces of the original epithelia may still be seen in the cast, while the 
largest portion has l>ecome changed into granules, and some of the gran- 
ules into fat-globule.s, anil we now have epithelial-grannlar-fatty ca^ft^. 
When the inflammation has la;g:tecl for six weeks or two months, small 
groiii>s of free fat-globules, at first scanty, are also found, and a fe^^' glob- 
ules are seen in the epithelia. 

The other features, usually present in moderate numbers only, are the 
same as in an acute cxjupous nephritis, and cormective-t issue shreds are 
scanty , imless the case is a severe one. Mucus-threads and -casts may at 
times be pronounced, and the aecompanjdng inflammations, es])ecially in 
the bladder, are well market!. 

Chronic Croupous Nephritis. — The longer a nephritis lasts, the more 
marked are the changes in the casts, and in strictly chronic cases neither 
hyaline nor epithelial casts are seen in the urine- The granular casts are 
the most abundant in the milder forms, though a few fatty casts or gran- 
ular-fatty casts are also present. The groups of free fat-globules, as well 
as the fat-globules in the epithelia and pus-corpuscles, bec^ome more nu- 
merous and more pronounced. 

In almost all cases of chronic croupous or parenchymatous nephritis, 
which have lasted for many months, and instead of abating hav^e become 
more pronouncetl, a faity degeneration of the kidney will develop, and we 
now have the so-called large while kidney (Fig. IDS). 

In these cases the fatty casts are abundant, and the large easts from 





Fio. 100, — AcrtrrB Ht-sutonfiHAGtc CROuroua or Parencwt^atotjs Nej*hbitis, wit» 
Catahiuiai^ I'yklitts and Ctstitis ( X 500). 
RB^ Retl blfXMi-coFpUiiclc« ; PC, piitn^orpuscics, CE, epitbdU from the convoluted 
tubules of the kitloL'y; SEt epiiheim from the straight collecting tubules of the kidney- 
UE, epitUeliu from the ureter; PE^ epitheUa from the pelvis of the kidney; UBt epithelia 
from the upper l&yctn of the bidder; AfB, epithelia from the middle li^yers of the bladder; 
HCt hyaline eaata; EC, epithelial cast; BC, blood casts; CT, connective^ tiaaue shred; 
MC, mucua-east. 
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Fig. 107, — Subac'^te CrioiTPoij^ or PAHENciiTMATocft Nephritis, WITH Catahrhai. 
PYBLiTia AN[> CraTJTia (X 600). 
HB^ Hed blood-corpuflck ; PC, pu^-corpUBcW ; CE^ eplthelia from the convoluted 
tubulea of the kidney: i^E^ cpithelimii from the straight collecting tubulea of the kidn€:y; 
UE, epUhQlia from the uret^er^; PE, epUhelium from the pelvis of the kidney; t^^* epl- 
thclia ifom the upper layers of the bladder; MB^ epithelin From the middle layers of the 
bladder; HC, hyalin© ca«t; EC, epithelial caat; GC, granular^caat; GF^ granular-fatty 
cast; EOF, epitbelial-granular-fatty cast; MT^ mucus- thread; M€t mucu*-caet; CT*, 
connective^tiasue shred; FG, free fat^globules, 

14 



DISEASES OF THE KIByEY A WD FELVIB, 



211 



the straight collecting tubules are frequently seen in coniimctioa with the 
smaller casts. The fatty changes in the pus-corpuscles and epithelia are 
^vell marked, and the groups of free fat-globules and -granules are large 
and numerous. Here, too, individual fat-globides, much larger than those 
orilinarily seen^ and sometimes attaining three or four times their size or 
even more^ may be present. In rare cases needles of margaric acid in 
small numbers are founds but these are exceptional* Red blood-corpus- 
eles are scanty in the majority of these cases. 

Connective-tissue shreds are usually present ^ but, as a rule, ai*e small 
and not numerous. The e\ddences of chromeity, as shown by the fat- 
globides, vn\l be seen in all epithelia found in the urine ; that is, both 
those from the convoluted and straight collecting tubules of the kid- 
ney, from the pelvis, the ureters, and the bladder. The epithelia from the 
straight coHecting tubules are sometimes numerous, and may be just as 
abundant m the cuboidal epithelia. Pelvic epithelia are never absent, 
and those from the ureters are well markech Tliat a cystitis of varying 
degrees of intensity is always present need hardly l>e mentioned. 

Besides the fatty degeneration, a umity or amyloid degeneration of the 
kidney is found in a number of cas^. Some authors call this an amyloid 
disease of the kidney, and claim that it is an independent affection and 
not associated ^^iXh a parenchymatous nephritis. This view is undoubt- 
edly incorrect, as a waxy degeneration of the kidney is always a second- 
ary affection found in chronic cases of nephritis. The exact cause and 
nature of such a degeneration are not known, and it us mostly found in 
chronic diseases, such as syphilis, tuberculosis, suppurative processes, 
ulcerations, ami necroses* It seems to be due to some chemical 
change in the plasma of the blood, though the nature of this change is 
unknown. 

Wax>^ degeneration of the kidney may occur in both catarrhal and 
croupous nephritis; it is much more common in the latter, and is rare in 
the former. It invades the epithelia of the uriniferous tubules , and ulti- 
mately produces waxy casts. Epithelia which have become waxy are 
highly glistening, and are found in the urine as more or less shining, 
homogeneous tj&dies. Not only the ej^ithelia, but also the connective 
tissue, and simultaneously the waUs of the blood-vessels, may undergo 
waxy degeneration. 

The appearance of the urine is not characteristic of this degeneration, 
and it WiW present the features of a chrome nephritis, though the amount 
of sediment greatly varies, being sometimes shght, sometimes abundant. 
The specific gravity is usually low, and the amount of urine voided above 
normal* The diagnosis should never be made unless the changes in the 
urinary features are pronounced, and care must be taken not to mistake 
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hyaline casts, which may in rare cases be somewhat glistening, for waxy 
casts. 

In chronic croupous nephritis with waxy degeneration of the kidney, 
the most characteristic features are the waxy casts (I^ig* 109). 

Waxy casts may occur in all sizes, are ahvays of a high refraction, 
have wavy, convoUited contours, and frequently a yello^^ish color. The 
casts may assume different forms, antl not rarely are so tortuous as to be 
likened to a corkscrew. In most cases all the three sizes of waxy casts 
will be found, and they may sometimes l^ mixed with other elements, 
such as granules— the granular-waxy ; or with fat-globules — the fatty- 
waxy casts. The other features are the same as those in any chronic 
croupous nephritis, Piis-corpuscles are always present » as well as iliffer- 
ent epithelia, conneetive-tissne shreds in large numbers, and granular as 
well as fatty casts. The apjiearance of a waxy degeneration is usually 
of grave import, though even here recoveries have occurred^ especially 
in children. 

Cystic degeneration^ which is also a secondary change, found in 
chronic cases of nephritis, does not give any characteristic symptoms in 
the urine, and, therefore, cannot be diagnosed as such. 

Atrophy of the Kidney. ^The result of a chronic croupous or paren- 
chymatous nephritis is invariably atrophy of the kidney. The features 
of atrophy, as found in the urine, are characteristic, and a positive diag- 
nosis can always be made, though the amount of urine voided in the 
twenty- four hours varies, is never as abundant as in cirrhosis of the kid* 
ney, and is usually considerably below the normal amount. The features 
are the following: 

L A continuously low specific gravity, as a rule never above 1.010» 
and occasionally not more than 1 .005 or 1 .004 at any time, 

2, The presence of a large amount of albumin, in contradistinction to 
the small amount found in cirrhosis. 

3, A considerable diminution of all salts, 

4. Pus-corpuscles, present in moderate numbers, many, if not all, con- 
taining fat-granules and -globules, 

5. Epithelia from the convoluted and straight collecting tubule of the 
kidney, in moderate numl>ers, many or all containing fat-granules and 
-globules. 

6. Free fat^granules and -globules, sometimes in large numbers, 

7. Granular, fatty, and in some cases even waxy casts in varying 
numbers, the former being usually c^uite abundaTit. 

8, Connective-tissue shreds of moderate or large size, and always in 
at least fair numliers. 

9, Broken-down or poor constitution, as seen by the pale, finely 
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Fig. lOS. — Chronic Cnoufoua oh pAHKSciiTMATona Nf-phritis. wjth Fatty De- 

OEN'EHATIOX OF THE KlPNE^V, AOCOMPANYINO CATARRHAL PytLITla AM> CvdTlTlS 

(X 500). 
^"-f Pus-corpuscletj : CE^ epitliplini from the convoluted tulitilpa of the kjdDey; ^E^ 
epitUena frutu the titriiig^iU foJlecting tubtiles of tlie kidney; UiC, epitheUum from X\w 
ureler; PE, ppitheljn from the |>elvis of th*,' kulii4-Y; MB, t-pilhelia frwm tlic miUcJit? 
Jayem of tlie bladder; GC^ granular uant^ FL\ fatty caat^s; iiF, granulur-fatiy cauts; 
CJ", iounecUve-tbsue aliredd; FG^ free fat- globules. 




wo 




TJE 



WF 



Fio. lOS, — Cfino^iG Cttourous an pARENCinrMATOTjs NtiPHiirriB^ wttm Faitt and 

WaXT DeOSINKBATION of the Ki1>NEV, AcCOMPANl'lNO CATAJtRHAl* PYELITIS (X 500). 

/*, Pui»-eorpitscli?s; CE, epithdia from the convoluted tubules of the kidney; SEt 
epithelLa from the straight collecting tubules of the kidney; UE^ epitheliEi from th& 
ureter; PEt epithclia from the pelvb of the kidney; GC^ granular cast; GFy granular- 
Iktty cast; FC, fatty cast; WC, waxy cast; IFF, waxy-fatty cast; MC, mucu^cast; 
CTt oonnectiv^tifiatie ^hred; FGf free fat- globules. 
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granular pus-corpuscles, in which one or more nuclei are usuaJly 
visible. 

Epithelia from the pelvis of the kidneys, the ureters, and the middle 
layers of the bladder will be present in variable numbers. 

Here, again, attention must be called to the fact that a badly diseased 
kidney, as an atrophied kidney always is, can never void many salts. In 
those cases in which the siiecific gravity is higher, and urie-aeid, calcium- 
Dxalate, or phosphate crystals are seen under the microscope, though all 
the other features admit of a positive diagnosis of atrophy of the kidney, 
we can reach the conclusion that only one kidney is as yet affected^ since 
the salts must be voided by the other kidney. In such cases it will al- 
ways be noticed that the constitution, although greatly impaired, cannot 
as yet be called poor, since, though many pus-corpuscles are finely granu* 
lar and pale, some will still show a moderately coarse granulation. The 
prognosis in all such cases is considerably better than when no salts what- 
ever are seen. 

Chronic Croupous Nephritis^ with Acute Croupous £racerbation.--In 
many cases of chronic croupous nephritis, acute exacerbations may occur 
at any time, and fresh portions of the kidney tissue become inflamed. 
vSuch acute exacerbations can, in some individuals, be produced upon the 
slightest cauBe, as exposure to cold or errors in diet. It is not uncommon 
for an exacerbation of this kind to be produced everj^ few weeks or 
monthsi leaving the patient weaker evexy time, and finally resulting in 
death. 

A case of this kind, in which an acute croupous hemorrhagic exacer- 
bation took place in a young man of twenty years, is shown in Fig, 1 10. 

In this case, which ended fatally, all six varieties of casts, and of all 
three sizes, were present in large numbers. Not only were the regular 
easts seen, but a number of different combinations. The casts present 
were hyaline, epithelial, blood, granular » fatty, waxy^ granular-fatty ^ epi- 
thelial-waxy, blood-waxy, and fatty-waxy. 

Red blood-corpuscles were present in everj' field in moderately large 
numbers, and variously sized groups of fat-globides were also abundant. 
Pus-corpuscles were numerous, and epithelia from the convoluted as well 
as the straight collecting tubides of the kidney w^^ present in large num- 
bers, many studded with fat-globules. Connective-tissue shreds were 
present, and mucus in the form of threads, and especially casts, could be 
seen in many fields. Of the accompanying inflammations, the pyelitis 
was the most severe, though the inflammations of the uroters and bladder 
were well marked. 

Salts were entirely absent under the microscope and the constitution 
was ver\' poor. The diagnosis that probably both kidne>Ti were affected 
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in a severe degree was made, and a bad prognosis had to be given. The 
patient died within two weeks after the exatnitxation* 

From the descriptions here given, it will be seen that the varieties of 
casts found in croupous or parenchj-matous inflammations of the kidney 
tend to show whether the proeeas is acute, subacute, or chronic. When 
hyaline, epithelial, or blood ca^ts are found in a case giving all thesjtnp- 
tonis of chronicity, we can be certain either that an acute exarerbation has 
taken place in the same kichiey or that the second kidney has become 
acutely inflamed. Sometimes cases of a so-called acute inflammation 
show granular and even fatty caats in large numbers, but careful que^J 
tioning of the patient will bring out the fact that he has not been perfectly 
healthy for a long time, though he may have been able to attend to his 
business in spite of headache and general malaise. The only cases in J 
which purely granular castas m smaU numbers may occasionally be seen 
one or two weeks after the commencement of the inflammation, are those 
already mentioned, esi>ecia!ly in children after scarlet fever. Waxy casta j 
never appear in acute inflammations, but always denote chronicity* 



SUPPUHATTVE NEPHHITIS. 

Suppurative nephritis, also called abscess of the Iddne}^ or surgical 
kidney, the most intense of the three primary varieties of nephritis* is an 
independent process, and must not be confounded with acute interstitial 
nephritis or non-suppurative pyelo-neplmtis. There may be either a 
number of small, disseminated foci of suppuration, or one large at^cess,.^ 
usually confined to one kidney. Sometimes the suppuration may be i 
excessive that the larger part of the structure of the kidney has disap^S 
peared, and a large, thick^walletl ca\ity filled with pus \& found in its 
place; these cases are spoken of as pyoueplirosis. 

Causes. — The causes of a suppurative nephritis are not always plain^ 
though in many cases the disease is the result of an extension of the in- 
flanimatorj' process from some other portion of the genito-urinar\" tract, 
A simple gonorrhoea, wliich gradually extends upward, may be sufBcient 
to cause it, and both urethral strictures and inflammation and hviiertro-J 
phy of the prostate gland may be causes. The use of imclean sounds and 1 
catheters, even in these days of antisepsis, is not rarely followed by aa<| 
abscess of the kidney* 

Occasionally the disease follows different acute infectious diseases, 
such as typhus and typhoid fevers, cholera, and diphtheria, or may be 
seen with pyaemia and carbuncles* In renal tuberculosis al^scesses are 
quite common, and they n^ay also occur when ealciLli are i>resent. In 





Fici. 110. — (Chronic Cituupoua uu Parenchvmatuus N'EiniHiTjs, wiT« Fatty axd 

WaXT DEGEKEHATIOK of TPE KlDNET AXD AN ActJTE HeMORRKAOIG CR0CP01?» 

Exacerbation^ Catarrhal Pyelitis, and CYBTrrija (X 500). 

RB, Red blood-corpuscles; PC^ pU8-^otpvifjcle« ; C^p epitbelia from the convoluted 
tubules of the kidney; SE^ epithelia froDi the straight collecting tubules of tlie kidney; 
UE, epithflm from the ureter; PE^ cpithcliii ffom the? peivU of the kidney ; UB, epithelium 
from tlie upper layers of the bladder; MB, epithehum from the middle layers of the blad- 
der; HC, hyalino east; EC, epithelial i-ti*ti; BC, blood-cast; G€, granular cost; FC^ 
fatty cast; /i'lr, fatty-waxj'caat; B'H", epit he lial- waxy coat: C7** cornice tive-ti ssyB Bhred; 
MT, muc ud-t bread ; MC, raucus-corpUiM^le ; C, rnucus-eaat; FG, free fat*globulta* 
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still other cases the etiology remains obscure, and we can only surmise 
that pyogenic organisms in large nimibers have settled in a perhaps pre- 
viously inflamed kidney. 

Clinical Symptoms, — Acute abscesses are usually ushered in by pro- 
nounced chills, followed by a rise in temperature and general depression. 
Pain, as a rule, is present, although it is not always referred to the seat of 
the abscess. Emaciation, nausea, and vomiting can occur. After an ab- 
scess has ruptured, it may continue to discharge pus for a long time, be- 
coming chronic. In these cases the acute symptoms gradually subside, 
though a slight fever is always present, and pain or tenderness either in 
the region of the kidney or in the inguinal region, testicles, or legs is a 
constant feature. 

Features Found in Urine, — ^The urine in suppurative nephritis is always 
cloudy, and a pronounced heavy sediment invariably forms. The spe- 
cific gravity varies considerably, but is mostly below normal, and the 
amount of urine is diminished. Albumin is present in large amount in 
every case. 

The clinical sjTnptoms are at times so vague that a positive diagnosis 
is generally possible only through a microscopical examination of the uri- 
nar>' sediment. The features found under the microscope will at once 
clear up the diagnosis, and it does not seem necessary for the abscess to 
have ruptured; emigrated pus-corpuscles and the shedding of connective- 
tissue shreds are sufficient for a diagnosis as long as no firm membrane 
has formed around the abscess. 

The microscopical features are the presence of a large number of pus- 
corpuscles, many kidney epithelia, usually from both the convoluted and 
straight collecting tubules, and a varying number of red blood-corpascles, 
the latter being quite abundant in acute abscesses. Besides these, con- 
nective-tissue shreds are always found, in either moderate or large amount. 
Without such shreds, abscess of the kidney should never be diagnosed, 
since these alone show a destruction of the kidney tissue. Epithelia from 
the pelvis of the kidney almost invariably accompany the affection. Casts 
may be either present or absent; when present, they denote a complicat- 
ing croupous nephritis. 

The features seen in a chronic suppurative nephritis are shown in Fig. 
111. 

The pus-corpuscles are extremely numerous, and may so entirely fill 
some fields that no other features become visible. In other fields, how- 
ever, epithelia from the convoluted tubules of the kidney will be found in 
large numbers, and, as a rule, those from the straight collecting tubules 
are also present. Fat-globules and -granules are abundant, partly lying 
free in variously sized groups, partly filling the pus-corpuscles and epithe- 



222 



TfEINARY ANALYSIS AM> JDIAGN0S18. 



lia to a greater or less degree. Connective-tissue shreds are present, being 
laige and abundant. 

Red blooil-corpuscles are always found, but in such cases in small 
numbers only, while not infrequently rust-brown crystals of ha>niatoidiii, 
in the form of needles and plates, but especially the former, denoting a 
previous hemorrhage, are seen* These w ill be found in the pus-corpuscles 
and epithelia, as well as free. In the case depicted^ the ha?matoidin cry»- 
tak are v^ry abundant, being found in the form of large conglomera- 
tions of irregular, curv^ed needles and stars, as well bs smaller plates* 
Epitheha from the pehds of the kidney^ the ureter, and the bladder* de- 
noting an inflammation of these organs, are also fairly numerous* In 
addition, niuuerous bacteria are usually present. 

Although these features are perfectly characteristic, we not infr^ 
quently find another, the so-called endogenous new-formation of pus- 
corpuscles in different kidney and even i>elvic epithelia, denoting, if pres- 
ent in large numbers, a pressure. Such a diagnosis will, therefore, hardly 
ever present any difficulties, contrar>^ to the opinion frequently held that 
it is impossible to diagnose an abscess from the examination of the urine 
alone. 

Abscesses not directly in the kidney substance, but preying upon the 
kidney — perirenal abscess — may also be diagnosed. These wlU show the 
same features In the urine, though perhaps somewhat less marked, to- 
gether with endogenous new-formations in the kidney epithelia. When- 
ever th^e are seen in many epithelia, they are caused by long-continued 
pressure upon the kidney, and their presence justifies the dia^osis, 

SUPPURATIVE PYELITIS* 

An abscess may develop in the pelvis of the kidney instead of in the 
kidney proper. The causes of this are the same as for suppurative nephri- 
tis, though perhaps calculi will more frequently produce an abscess here 
than in the kidney proper. The s^Tnptoms do not differ from those of 
suppurative nephritis, and the exact location of the abscess can only be 
determined by microscopical examination of the urine (Figp 112), 

In an acute suppurative pyelitis, r^ blood-corpuscles are always pres- 
ent in moderate or even large numbers , and pus-corpuscles are extremely 
numerous. The diagnosis can be made from the cuboidal and irregidar 
pelvic epithelia, which in these cases are abundant, and may be found in 
groups. In such abscesses epithelia from all the different layers of the 
peh^s wdll be present. These epithelia may vBry considerably in size, and 
a few may be even as large as those from the middle layers of the bladder* 
There should, however, be no difficulty in diagnosing them, since these 
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FlO. 111.— <^HRONlC SlTPPTJRATIVE NePHHITIII^ WITH CATAItanAL PYfcLITtfl {X fiOO). 

RBf Red blood-corpusele ; PC, pufr-corpiisclea ; CE, epitbclin from the convoluted 
tubul^a of the kidney : SE^ eptthelium from the sCrajghl col! citing tubules of the kidney; 
UEt epithelia from the ureter; PE, epitheha from tJie pelvb of the kidney; CT, con- 
nective-tissue BlLieds; HCt h^mAtoidin eryatak; FQj (tc& fat^globulcat 
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large epithelia are irregular, angular, lenticular, or pear-shaped. Connec- 
tive-tissue shreds are numerous, and without them no such diagnosis must 
be made. 

In all cases epithelia from the ureter, showing a secondaiy inflanmiar 
tion, are quite abundant, and in many of them endogeneous new-forma- 
tions of pus-corpuscles will be found. Epithelia from the convoluted 
tubules of the kidney need not necessarily be present in acute cases, but 
sooner or later a moderate number, the indication of an accompanying 
nephritis, are seen; here, too, endogenous new-formations can appear. 
Very soon a cystitis will develop, and the epithelia from the bladder ac- 
company the other features. 

In a chronic absc^ of the pelvis the featiu^es are the same as those 
described in suppurative nephritis, except that the comparative niunber 
of the pelvic and kidney epithelia becomes changed, the former being 
considerably more numerous than the latter. 

TUBERCULOSIS OF THE KIDNEY. 

Although renal tuberculosis can undoubtedly exist as a primary dis- 
ease, it is comparatively rare, being most frequently associated with tu- 
berculosis in other organs. It may result from an extension of the tuber- 
cular process from other portions of the genito-urinarj'^ tract. In the 
kidney we will generally find evidences of a chronic catarrhal or inter- 
stitial nephritis, though in rare cases a croupous or parenchymatous in- 
flammation accompanies the tubercular process. The tubercular nodules 
in different ix)rtions of the kidney enlarge, and, after a time, usually break 
down, so that ulcers or abscesses are formed. 

Features Found in Urine. — The appearance of the urine is not charac- 
teristic in these cases; the color is usually pale, and it is turbid and of a 
low specific gravity. The amount of urine is increased, and a small 
amount, sometimes only a trace, of albumin is present. The sediment is 
slight, unless ulcers or abscesses have formed, when it is more profuse. 

The features under the microscope are at first those described in a 
chronic catarrhal nephritis, and later on give evidences of a destructive 
process, with the presence of connective-tissue shreds in varj'ing amount. 
In most cases a pronounced cystitis is associated with the process, and 
not rarely ulcers will be formed in the bladder. Such a chronic ulcerative 
cystitis should always be looked upon with suspicion, as being possibly 
due to a tuberculosis. 

Whenever tul>erculosis is suspected in the kidneys, and the evidences 
of a chronic interstitial nephritis are found in the urine, examinations for 
tubercle bacilli must be made. This is not infrequently a tedious process, 
15 
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as the bacilli are rarely present in large numbers; yet the diagnosis can- 
not be made with certainty without them. Repeated examinations of 
many drops, from urine taken at different times of the day, will never 
fail to reveal them. 

Too much stress cannot be laid upon the constitution of the patient, 
as shown by the appearance of the pus-corpuscles, in such cases. As long 
as the larger nimibers of the pus-corpuscles are coarsely granular and 
glistening, showing a good constitution, the presence of tuberculosis is 
not probable. As soon, however, as the pus-corpuscles, or a large number 
of them, are pale and finely granular, showing a considerably impaired or 
poor constitution, the existence of a possible tuberculosis must not be lost 
sight of. Such a poor constitution, with the evideiices of only a moderate 
catarrhal nephritis and cystitis, may not infrequently be among the first 
suspicious signs of tuberculosis, even when the clinical symptoms are as 
yet only slightly pronounced. 
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Fig, 112.^ — Acxtte ABscxsas or Pelvts of Kidnet, or Acute Suppueative Pyeixtm 

{X 500). 
RB, Red blood-corpUBcIcs: PC, pus-corpusclca : UE, ppithcLium from the ureter; FE, 
epithelia from the pel via of the kidney; CEt epitheUa from convoluted lubulea of the 
kidney ; CT, CQnnecUve-tmeiiit ahreds. 
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IL ANOMALIES OF SECRETION. 

Of great importance in the diagnosis of kidney lesions are the anom- 
alies of secretion, under which term the conditions known as iithwnua and 
oxaluria are included. Sooner or later these will in many causes produce 
an inflammation of the kidney proper, as well as the pelvis of the kidney, 
and may in pronounced cases cause hemorrhages from the kidney and 
pehns, as well as abscesses. 

Both litha?mia and oxaluria are of frequent occurrence, and need not 
of necessity lead to the production of calculi, though this may occur. 
Persons so affected ^^H pass large quantities of uric acid or calcium oxa- 
late, or both^ and their urine almost invariably has a high specific gravity. 

Causes.— The causes of these conditions are practically unknown. It 
was believed that persons who live high, eat an excessive amount of 
meat as well as starchy and saccharine substances, and drink considerable 
champagne are predisposed to the so-called uric-acid diathesis. This is 
undoubtedly true in some cases; but in others just the opposite condi- 
tions prevail, and still uric acid is voidetl in large amounts. 

Clinknl Si/mpUmis. — The clinical symptoms in these cases, which are 
much the same in both conditions^ are headache, general malaise, dys- 
pepsia^ irregularity of the bowels, sleeplessness, neurasthenia, and later on 
melancholia. Frequent urination with a burning sensation in the urethra 
maj^ be present, and there is often a dull, aching feeling in the lumbar 
region. In litha^mia fleeting pains in legs, knees, hands, and arms may 
also exist. Persons so affected are always irritable, and sooner or later 
suffer from netirasthenia and melancholia; they may be treate<i for a va- 
riety of affections before the true cause of their condition is disco verecL 

The microscopical features in the urinary sediment of a person affected 
with lithxemia are quite characteristic (Fig. 113), 

Crystals of uric acid are found in large numbers, and as a rule different 
varieties, such as the common form, that seen in highly acid urine, and 
irregular plates and needles, are present. The crystals may attain large 
sizes, but usually the smaller sizes only are met with. Besides these, 
crystals of calcium oxalate in moderate numbers are also present In 
many cases which come under ol>servation pus-corpuscles are found in 
small or moderate numbers, as well as different epithelia, more especially 
those from the pelvis of the kidney and the ureters, though epithelia from 
the convoluted tubules in small numbers and bladder epitheha are rarely 
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absent. Red blood-eorpiiscles are not numerous when no hemorrhage has 
taken place, thoup;h n few are ahva\'B seen. A few fat*globules are usuaJiy 
seen in the jTUs-eorpuscles anil ei>ithelis. 

In these, the common causes of lithspmia, we have^ therefore, an in* 
flammation of moderate severity only, either a simple pyelitis or a p^^elo- 
nephritis, with an accompanying n\stitis. The inflammation, when seen, 
is rarely acute, but iisuall}* subacute or chronic. 8uch a condition may 
go oti for many years without |iroducing any other features. 

When large numbers of these salts are continually prmluced and de- 
posited in the peh'e^ and calices of the kidneys, smaller or larger concre- 
tions or calculi will then be fomietl, and cause more pronouneed s^Tnp- 
toms. In such causes the first symptom is not infretjuently a hemorrhage 
from the kidney or pelvis, with more or less se\*ere pain. All the features 
of such a hemorrhage, togetiicr with concretions of uric acid, will be found 
in the urine. After a day or two the symptoms may subside, but, if the 
causes leading to the formation of the salts still continue, will recur soone/ 
or later. 

Hemorrhage from the Pelvis of the Kidney.— Hemorrhage from the 
pelvis of the kidney* due to uric-acid calculUB, gives characteristic feat^ 
urei^ in the urine* from which the diagnosis can easily be made (Fig, 114), 

The field is crov^'ded with red blood-corpuscles, which vary very con- 
siderably in shape, size, and appearance. As the urine is usually not ex- 
amined uiitil a number of hours after it is voided, comparatively small 
juimber^ will be found containing haemoglobin^ and they are therefore of a 
yellowish or slightly browTi color, Tlie larger numbers usually have lost 
the haemoglobin, antl these corpuscles will appear colorless, with a distinct 
double contour. They are found either singly or conglomerated in large 
groups. Crenated red blood-corpuscles are frequently found, but in small 
numbers only, aud they may also \ye seen edgewise. When they have im- 
bibed water, they swell, and may ]ye even double their usual size. Again, 
a varying number of ha?matoblasts» which present the features of red 
blood-corpuscles, but are only half their size, are often seen in an active 
hemorrhage. White blooii -corpuscles, w^hich may be twice the size of the 
fully formed red blood -glolniles, and cannot be distinguished from pus- 
corpuscles, are pra^nt in small numl>ers. They arc always granular, 
either pale with a fine granulation or more glistening aiul having a coarser 
granulation. When comi>aratively few of these corpuscles are seen» we 
know that they are not pus-corpuscles, and their presence should never 
cause the diagnosis of an inflammation. 

Besides the blood-corpuscles, uric-acid crj^stals, in the form of irregu- 
lar platcSt masses, and neetllea?, are abundmit. They vary considerably 
in size, are always w>loreil. and may Ije either single or conglomerated. 
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FlO» 113. — LtTB^HlA, WITH aUBACTTTE CaTARRHAX. PTELma AND CrSTtTtS (X BOO), 

VA^ Urio-acid t*ryslttl«; OC, o&lcLiim^xalate crystals; RB^ red blood-corpuscle ; PC, 
pus-cqrp'UBclea ; P^, epilhella from tlie pelvj^ of the kidnc^y; VBy epithelium, from the 
ureter: VB^ efnthelium from the upper layers of the bladder; MB^ epithelium from the 
middle lay^-s of the bladder 
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f The needles may be seen in groups containing individual small formations, 
which sometimes appear like small granules, or they are large and form 
stellate masses. These are the forms which, when small , produce gravel; 
when large, are portions of calculi, and may lodge in the pelvis of the 
kidney. 

Epithelia from the pelvis of the kidney, varying in si7.e bnt always 
characteristic » are more or less numerous. When the hemorrhage is se- 
vere, many fields may sometimes have to be examined before they are 
discovcrefi, and the place of origin of the hemorrhage becomes clear; but 
they arc always present, often in groups of three ^ four, or more. Smaller 
epithelia from the ureter are also seen. Connective-tissue shreds are 
never absent, though their number and size may be smalL In pronounced 
cases they are usually found in large miinbers. 

Besides these features, variously sized masses of fibrin, in the form of 
thin, pale, often colorless strings, consisting of wavy bands, may some- 
times be seen, and irregular clots of blood can also be fountl. In such 
hemorrhages all the features, including the epithelia and connective- tis- 
sue shreds, may occasionally have a yellowish color from the hirmoglobin ; 
but this is not the rule, unle^^ the centrifuge has been used and the exam- 
ination made immediately after the urine is passed. 

Pyelitis Cakulosa. — In the so-called pyelitis calculosa, an inflamma- 
tion or even suppuration of the pelvis is present, and due to calculi, the 
most common of which are xxric acid and calcium oxalate, though phos- 
phatic ston^ are also not lare. The features are the same as those found 
in any catarrhal or suppurative pyelitis, with the addition of concretions. 
Red blood-corpuscles are invariably present in such cases, but, unless a 
hemorrhage occurs in the course of the inflammation^ never in large 
numbers. 

OXALURIA. 

Among the anomali^ of secretion, oxaJuria plays an important part. 
It is far more common than is generally supposed, and in all cases giving 
vague neurasthenic symptoms the urine should be examined. The spe- 
cific gravity is usually high, not infrequently 1.030 or even 1.040, and the 
amount of urine passed iloes not vary much from the normal. The mi- 
croscope always shows large numbers of cr>'stals of calcium oxalate, in 
all shapes and sisset^, and even in the milder cases an irritation of the pel- 
vis of the kidney is rarely absent, so that a small number of puf^corpus- 
cles and pelvic epithelia is found. Instead of a plain irritation, all the 
grades of inflammation may at different times exist, though oxaluria 
alone, without the presence of a stone, does not cause suppuration. 

When many crystals are present, minute concretions, w^hich are so small 
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as to give no special symptoms, are frequently passed, and these, in a 
few cases, may cause hemorrhages from the pelvis. In a number of ca^es 
wtiicii have rome under observation, prolonged ha?maturia existed, but 
the cause could not be discovered, as there was no pain connected with it 
and no symptom to suspect the pr^ence of a calculus. Microscopical ex- 
amination showed those minute concretions, and easily cleared up the 
case. 

HEMOGLOBINURIA. 

H0Dmoglobinuria is a rare condition, which is characterized b}' a dis- 
solution of the red blood-corpuscles and the appearance in the urine of 
the coloring matters of the blood in solution. The red color of the urine 
which is always found in these cases is, therefore, not due to the presence 
of a large number of red blood-corpuscles, as in hsematuria, but to thai 
of dissolved htrmoglobin, 

Catiscs— The affection is occasionally seen after poisoning with differ- 
ent substances, such as carbolic acid, sulphuric acid, naphthoic muriatje 
acid, pyrog;alllc acid, and even chlorate of potash. It may occur in the 
course of severe infectious and contagious diseases, such as hemorrhage 
variola, malignant scarlatina, and yellow fever, as well m in intense mal- 
aria. After extensive burns, in scurvy, and purpura it has also been 
described. 

Besides these^ it raay occur as an idiopathic disease of intermittent 
character — the paroxysmal hipmoglobinuria — which is said to develop 
sometimes in rare cases of syphiUs. In such cases urine containing haemo- 
globin may be voided either for a few hours only, or more rarely for da}-s 
or even weeks, accompanying sjTnptonis much like those of intermittent 
fever. As a rule, attacks of this kind follow ex]>osure to coUL 

Features Found in Urine. — The appearance of the urine in hiemo- 
globinuria is always dark red or brownish, the sediment being abundant, 
The specific gravity varies conj^iderably, but, as a rule, is slightly in- 
creased. Albumin will be found in varying amount. Although the dis- 
ease is by no means a distinct kidney affection, changes having taken, 
place in the blood, a nephritis of varying degrees of intensity usually ae-j 
companies it, and its features are found in the urine* 

The microscopical elements in a pronounced case of hj^moglobinuria, 
which occurretl in yellow fever, are illustrated in Fig. 115. 

The urinary sediment contains an extremely large number of dark or 
rather nist-brown masses, made up of granular matter, as well as gran- 
ules scallered irregularly over the held. The masses vary considerably 
in size, some being small, but others large, and may assume different 
shapes ; th^e are the masses and granules of haemoglobin. 




FlQ. 114.^HEVOItRHAQ£ FROM PELVIS OF KlDNEY* DlTB TO UlllCJ-AcilJ CaIjCITLUH 

(X 500). 
UA* Uric-acid crystals; RB^ red blood-corpusclea; WC, white blood-corpuscle ; PE, 
epiihella from the pelvU of the kidney; VB* cpitheliurn frora the ureter; EC^ epitheliUHi 
from the convoluted tubules of the kidney; €T, connectivc-tiSBue shfeds. 
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FlC3. 115, H.^MOGLOfilNLtlllA, AcTtTTtl H E »,1 ORH HAI3 IC CBOtr^OtTB OR PARENCHrMATOITQ 

NefHRITIS*, with CATAHnHAL PYELITIS t X 500), 

i?S, Red blood-corpuscles; /*C* pu;&-eorpii»cJts ; //^ h^roog^lobln ; C£,epitliolia from the 
eonvoiuteil tubulcn of the kidney ; SE, epithelium from the straight coLleettiif^ tubules of 
the kidney; CEH^ eptthelia fmm the convoluteil lubules, filled wttli hu^moglobin ; PE, 
epHhelia from the pelvis of the kidney; UE, epithelia from the ureter; HC, hi^moglobiti 
cast; BC^ blocul cast^ EHC^ epithi^lial cast filled with hEemoglobin: CTt conDeetive^tlaaild 
fthned^ C//, cyliadroid with luenMiglobiu ; QC^ ealcium oxalatx^ crystal^^ 
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Hemoglobin is also found in the form of casts, which appear filled 
with dark brown granules, but difF?r from blood casts by their greater ir- 
regularity. The latter are rarely absent ^ though the blood-corpuscles are 
never found fully formed in the casts, but always dbintegrated, and of a 
rust^brown color. Epithelial casts are frequently present and are also 
studdetl with haemoglobin. 

Red blood-corpuscles are never entirely absent in these eases^ though 
they are comparatively scanty, and always, even in the freshly voided 
urine, appear verj^ pale and double contoured, having completely lost 
their coloring matter. 

Besides these features* pus*corpuscles and epithelia are present , many 
of which are entirely filled with granules of ti^rmoglobin and have a dark 
brown color. Pus-corpuscles are fairly abundant, and epithelia from the 
convoluted and straight collecting tubules of the kidney are seen in mod- 
erate numbers. Epithelia from the ureters and the pelves of the kidneys 
are constant occurrences. 

Connective- tissue shreds are usually found, and may contain some 
granules of hjemoglobin upon them. Mucus in the form of threads or 
casts may be present, studded with massas of haemoglobin. In those cases 
different salts, especially cr>^staLs of calcium oxalate and \iric-acid cr\'s- 
tals, are seen. In cases which have lasted a long time needles and plates 
of haematoidin may be found, 

CHTLURIA. 

Chyluria is characterized by the mi Iky- white appearance of the urine^ 
similar to milk or to chyle; this appearance it retains on account of the 
molecxilar division of the fat which it contains, even if left standing for 
da}^. In some cases, though not in all, chylous urine has a pink tinge* 
due to the red blood-corpuscles frequently present 

Two varieties of the affection are recognized: The first, or tropical 
form, occurs almost exclusively in hot climates, and is due to an invasion 
of the blood and urinary tract by a parasite — the Filaria sau^inw hom- 
inis; the second, or non-tropical form, is not due to a parasite, and is so 
rare that but little is known about it. 

In most cas^ chylous urine contains coagula, due to a large amount 
of fibrin which is usually present. These clots form in the bladder, and 
may be so abundant as to give rise to distressing sj^mptoms when \'oidetL 

The features of a chylous urine are illustrated in Fig. 116, The case 
from w^hich the illustration wsm drawn was that of a young man, thirty- 
three years of age, a native of Porto Rico, who had lived in the United 
Stat^ for nine years. Three years before he presented himself for exam- 
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ination he went to his native country for two weeks, and then returned 
to the Unjte<l States. Tv:o months after returning he noticed a milky 
api^earance of his nrine. The urine cleared up after a short lime, and 
remained clear for more than two years, when it again became milky. 
The only symptoms he complained of, when he first came under observa- 
tion » were pain in the back and a slight frontal headache. In appearance 
the patient was thin and delicate-looking. Upon physical examination 
nothing could be discovereti except a slightly enlarged liver. 

Features Found in Urine.— The appearance of the urine was that of 
milk in which slightly colored, pink coagula were suspended. The clots 
were numerous and greatly ^^iried in size, the largest being remo\'ed from 
the bottle with difficulty. They had various shapes, some resembling 
cysts* The sf^ecific gravity was L015, the reaction slightly acid, and the 
urine contained one-half of one |>er cent of albumin. 

Untler the microscoi>e the clots pro^'ed to be masses of fibrin, em-^ 
bedded in which large numbers of red blood-corpuscles were found, and, 
in a few, also small plates of hxniatoidin. In everj^ field not obscured by 
the fibrini red blood-corpuscles were ver>' abundant, lying in groups, as 
well as singly, partly of a yellowish color, containing haemoglobin, and 
partly colorless. Crenated red blood-corpuscles were present in moderate 
numbers, and many were seen edge wise- 
Besides these, minute fat-globules and -granules were extremely nu- 
merous, partly in smaller or larger masses, partly lying irregularh" throu^i- 
out the field. Nowhere could larger fat-globules be seen. In some of the 
drops examine* 1 a number of parasites, the embrj'onal forms of the Filaria 
sanguim's, could easilv be disco vei'ef 1 ; they were of diiTerent sizes. In 
one drop a group of five, embedded in or perhaps surrounded by a mass 
of fat-globules, was found. One small body, apparently an ovumi was 
also seen. 

The other features were pus-corpuscles and cpithelia from the ureteiB 
and the middle layers of the bladder. Neither the pus-corpuscles nor the 
epithelia were found in every drop, it being necessary to examine a num- 
ber of dro}>s before they were seen. Connective- tissue shrcrls were pres- 
ent, though not in every drop. No salts whatever could be discovered 
under the mlcroeeope. 
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FlQ. 116.— CmXTTHIA, CATAHaHAL O'HTlTlS (X 500)* 

FQt Fr^ fat'Klfibul^; RB. red blofKl-corpu^clos ; F, fibrin, with red blood-corpuacleB 
and hwmatoidin crvstala ; F5, FilariaflaaRulnis; PC» puA-corpuaclea; (/£, epitheliam from 
th<? ureter; MB, ppitheUa from the middle by era of the bladder; CT, qonQective-tiseiie 
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IIL MALIGNANT TUMORS OF THE KIDNEY. 

Mft^ gnant tutnors of the kidney are fortunately rare, but do occur, 
and both .sarcomata and carcinomata are met with. The former may be 
found at all ages, while the latterj which in the kidneys seem to be of 
still rarer occurrence than sarcomata, are usually seen in persons more 
advanced in years. The diagnasis of sarcoma of the kidney can be po^i- 
lively made from the examination of the urine, while that of cancer 
might perhaps be suspected, but can hardly be made with the same de- 
gree of certainty as when it occurs in the bladder. 

CHnwl S}/mptoms. — When a malignant tumor has lasted for some 
timCj the clinical featiures vvnll become pronounced enough to lead one at 
least to suspect its presence, but in the early stages its symptoms are not 
well defined; though even at this time characteristic features may be 
found in the urine. Pain, referred either to the region of the affected 
kidney or, less clearly defined, radiating to neighboring organs, will usu- 
ally be the earliest symptom. It is mostly of a severe character, and 
may be paroxysmally increased. 

Very soon a tumor in the region of the kidney can be mapped out, the 
patient becomes anemic and cachectic, and gratlitally los^ strength. If 
not relieved by surgical procedures, the general symptoms become more 
pronounced, and the disease, as a nile, ends fatally within one or two 
years, although cases of sarcoma which have lastetl four or five years are 
on rec*ord. 

Appearance of Urine. — ^The appearance of urine is not character- 
istic. Hince s>Tiiptoms of inflammation soon develop, the specific grav- 
ity, color, and amount of urine voided will vary with the intensity of the 
inflammation. Hemorrhages, either constant or recurring at irregular in- 
tervals, soon api3ear, ami the urine then has the pronounced reddish or 
brown color, due to the blood. Albumin is always present in varying 
amount. 

SABCOMA. 

Sarcoma of the kidney may be found in children as w*ell a^s in adults, 
the youngest case seen by the author and diagnose<l from the urine hav- 
ing been in a boy of four years, the oldest in a man of sixty-five years. 
Although the macroscopicaJ appearance of the lu-ine may vary consider- 
ably, the microscopical features are usually characteristic enough to ad- 
mit of a positive diagnosis. In tw*o cases the examination of the urine 
gave the first evidence of the disease, the clinical symptoms of the pa- 
tient not being at first clear; by careful examination of the patient, how- 
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ever, a tumor of the kidney could soon be mappeil out, and further de- 
velopments i^roved the correc^tnc^s of the dia^nosLs, 

Features Fnund in Urirte. — That yarcoma of the kidney can be diag- 
nosed from the urine was first sliown by Carl Heitzmaiin, and a jiunil>er 
f>f caBes were published by him in the j^ear 1888. Since then other caries 
have been seen by the authort antl autopsies have left no doubt of the 
correctness of his assertions. In onler i>ositively to diagnose sareoma, we 
mu^t find large shreds of connertive tiR,sue ajs well a*s numerous character* 
istic sarcoma corpuscles in the urine, and therefore an ulceration must 
have taken place. It is not un|x*ssible that these corpuscles may appear 
iu the urine Ijefore ulceration has set in, perhaf® by emigration; but un- 
less the)^ are very numerous ^ a positive diagnosis should not be given if 
large connective-tissue shreds are not found at the same time, Jt is well 
known that pus-coqiuscles not only var\' in size in different individuals, 
but also to a certain degree in the same individual, and that pus-eorpus- 
cles, which are as yet not fully formed and appear as small, compact, or 
vacuole* 1 bodies, ma}^ be found, Th^e should not be mistaken for sar- 
coma corj^uscles. 

The features found in a urinar}' sediment in sarcoma of the kidney are 
depicted in Fig. 117. 

We see extremely large shreds of connective tissue^ which in places 
appear more coarsely granular than usually, and may form regular coils in 
different jwrtions. Occasionally these shreils will contain a small nimiber 
of inflammatory corpuscles. Besides the shreds, small, globular^ coarsjely 
granular, glistening, even homogeneous corpuscles^ without nuelei and 
having sharply defined contours, larger than red blood-corpuscles and 
smaller than pus-corpuscles, are found in large numbers; these are the 
sarcoma corpuscles. The}' are not only found singly, scattered through- 
out the field, but in variously sizetl, sometimes large groups. These cor- 
puscles are so different in appearance from the larger, in these cases 
almost invariably pale piis-corpuscles^ as to become noticeable at first 
glance. Being the elements seen in the tumor, they will never appear in 
any other disease. 

liesides these features, we find the evidences of a more or less severe 
inflammatiou, either with or without hemorrhage. In the caae under 
consideration, red blood-corpuscles were not lunnerous, but pus-corpus- 
cles were present in fairly large numbers, many cont^ning fat-globu)es, 
showing chronicity. These pus-corpuscles were almost without exception 
finely' granular, anfl in some one or more nuclei were j>lainly visible, show- 
ing conehisivel)' that the constitntion was poor. Epithelia from the 
convoluted fus well as the straight collecting tubules of the kidne\\ many 
containing fat-globules, were present in large numbers, and groups of 





Fig. 117. — Sarcoma of Kidnwt, Crronic CATARitiiAL PyELma ano CvsriTia 

(X 500). 
RB, lied biood-corpuiKrleB ; PC^ pua-corpufuclefi ; SCt surcoma cotpufloles; CE^ cpithella 
from the convoluted tiibiilea of the kidney; SE, epithoUum from the stTuight oollectitig 
tubulea of the kidney; UE, epithclla from the ureter; PE. epHhelia from tlie pelvis of tht* 
kidney; MB^ epithetift from the middle layem of tiie bladder; CT, ccjnnetjtive-tiaauo 
ibreds} FGt free fat-glob ulei. 
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free fat-globules were also quite abundant. Epithelia from the pelvis of 
the kidney could be seen, and in many of them the endogenous new-for- 
mations of pus-corpuscles, indicating pressure, were present. Epithelia 
from the ureter and the middle layers of the bladder completed the 
features. 

Not infrequently a croupous nephritis may be present, and then casts, 
especially of the granular and fatty variety, will be found. 

CANCER. 

In cancer of the kidney, a positive diagnosis cannot be made so easily 
from the simple examination of the urine. When a large number of ir- 
regular connective-tissue shreds, containing inflammatory corpuscles, and 
perhaps also larger, coarsely granular, frequently multinucleated epithelia 
are found, together with all the evidences of a chronic inflammation, can- 
cer can undoubtedly be suspected, and the clinical s)anptoms will soon 
clear up the diagnosis. In rare cases we may find regular cancer nests, 
similar to those to be described in cancer of the bladder. 



CHAPTER XVII- 

DISEASES OF THE BLADDER. 
I. INFLAMMATIONS OF THE BLADDER. 

According to the degrees of intensity, inflammation of the bladder — 
cystitis — may be divided into catarrhal, suppurative, and ulcerative, 
The iiiflammation may be either acute, subacute, or chronic, and may af- 
fect either small portions of the mucous membrane of the bladder only, 
or almost the whole. 

The pathological chang€^ in catarrhal infiammation of the bladder 
are the same as those found in any mucous membrane, and have t>eeti 
described in the previous chapter. In se%'Gre inflammations ulcers may 
be formed, which may become quite extensive, and in rare cases even 
lead to perforation. Occasionally absce^es will form m the wall of tlie 
bladder. 

Causes. — The causes of a cystitis, which may lie either primary* or sec- 
ondary, are numerous. Primary cystitis may be due either to exposure 
to cold, to chemical irritation, or to traumata* That a simple exposure 
to cold may cause a cystitis, often quite severe in character, cannot Ije 
denied. Among the chemical irritants different remedial agents, such as 
turpentine, copaiba, can than des, and strong mineral acids, may be men- 
tioned. Alcoholic stimulants in large amount may cause mild attacks, as 
well as certain articles of diet^ such as asparagus. 

One of the most common causes of cystitis is the passage into the 
bladder of instruments, such as catheters or soundsj which have not been 
thoroughly flisinfected, so that pyogenic bacteria are introduced in large 
numbers. Again, traumata of different kinds are often responsible for 
the development of a cystitis, 

Secondar)^ cystitis is at least as frequent as the primary form, and is 
often due to an extension of the iiiflammator\^ proems from one or other 
of the geni to- urinary organs. Gonorrhoea is a rommon cause of r)*stitis, 
in the first days of the disease as well as hUer on. Prostatitis, hypertro- 
phy of the prastate ftland, seminal vesiculitis, vaginitis, cervicitis, and 
parametritis, as well as perimetritic^, may all cause it. Again, inflamma- 
tions of the bladder may be producetl by an inflammation of the kidney, 
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pelvis, and ureter, the process gradually extending downward. Indeed, 
it is rare that a secondary cystitis, though mild in character, does not 
accompany a nephritis or pyelo-nephritis, even in acute cases. In chronic 
cases, such an accompanying inflanmiation is always present. 

That other affections of the bladder, such as tumors or calculi in the 
bladder, will soon cause an inflammation, is evident. In many other dis- 
eases, such as the different infectious and contagious diseases, it may occur 
at any time. Retention of the urine must be looked upon as an important 
cause. 

In most cases, though not necessarily in all, micro-organisms in var>'- 
ing numbers will be present. In the mild acute cases, they may be absent 
entirely, or be present in small numbers only, w^hile in the more pro- 
nounced cases they are always numerous. As a rule, both cocci and ba- 
cilli are found, though one or the other may predominate or even exist 
alone. The varieties of the micro-organisms which may be present in the 
bladder cannot always be determined, since some of those seen when the 
urine is examined are undoubtedly of secondary origin. Among the 
cocci, the different staphylococci — staphylococcus pyogenes aureus, 
albus, and citreus — as well as the streptococci pyogenes are common. 
The micrococcus ureae is often found in large numbers, and a variety 
of sarcina, called sarcina urinae, somewhat smaller than the usual form, 
is not rarely seen. 

Among the bacilli, the bacterium coli commune, the bacillus urea*, 
and the urobacillus liquefaciens septicus, occur. In some cases lepto- 
thrix threads are abundant. It has been claimed that the bacterium coli 
commune is more frequently found in cystitis than any other one bacil- 
lus, though the number of bacilli described is quite large. 

In the cases of so-called bacteriuria, bacteria of various forms may be 
present in enormous numbers in the bladder, and their origin cannot 
always be determined. It is certain that bacteria alone will not cause 
cystitis, but when an irritation of some kind exists they can set up a se- 
vere inflammation. The reaction of the urine does not necessarily need 
to be alkaline w^hen micro-organisms have developed; but on the con- 
trary, some, as the bacteriimi coli commune, are frequently found with 
an acid reaction. 

Clinical Symptoms. — The symptoms seen in cystitis vary considerably 
with the severity and acuteness of the attack. An intense acute inflam- 
mation may be ushered in by chills, followed by moderately high fever 
and all the concomitant symptoms of the same. In milder cases fever 
will not be present. Frequent micturition invariably exists; this varies 
considerably with the intensity of the inflammation, and in the severe 
cases there is a constant desire to urinate, although only a few drops may 
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be voided at a time. More or less intense pain is never absent. The p^n 
may be most pronounced at or just before the beginning of niicturitiont 
be somewhat diminished during the flow of urine, and again become more , 
severe at the end of mirturitiotK At other times the flow of urine seems 
to increase the pain, which is diminished immediately after. A certain 
amount of pain or discomfort almost invariably exists irrespective of 
urination, and may radiate to the back^ thighs, scrotum, and penis. It 
may be most severe in the perineum. Pressure upon the bladder, as well 
as the passage df a catheter or other instrument, always causes more 
suffering. 

In chronic ca^es which are comparatively mild in character, frequent 
micturition, sometimes not very pronouncG*!, with a feeling of discom- 
fort, may be tlie only symptom. When a cystitis has lasted for a long 
time the bladder becomes enlarged, sometimes to a great degree. In such 
cases the bladder is never entirely emptied, and incontinence may exist, 
so that the urine will dribble away continually. 

Appearance of Urint. — The appearance of the urine varies. In the 
mild cases, when few or no bacteria are present, it may be perfectly trans- 
parent; but OS soon as bacteria in moderate or large numbers have de- 
veloi>ed, it is more or less turbid. The specific gravity also differs, being 
normal in mild cas<^ and increased or diminished in the severer forms^ 
Albumin is never entirely absent in these cases, since it will alwa>Ti be 
found whenever pus-corpuscle are seen in the urine. In mild cases, how- 
ever, no more than a trace, sometimes very faint, can be discovered, while 
in the more intense cases it may exist in large amount. The reaction of 
the urine may be acid or alkaline. In mild acute cystitis, even when ft 
few bacteria are seen, it may be acid, though » as a rule, only slightly so* 
In chronic eases, on the other hand, the urine is always more or less alka- 
line, and the alkalinity may be marked. 

CATARRHAL CI^STITIS. 

Mieroscopicul Features. —The microscopical features in cystitis differ 
in the acute and chronic cases, as well as with the intensity of the inflam- 
mation, ant! are alwa\'s characteristic on account of the presence of blad- 
der epithelia. Pus-eorpiiscles, epithelia from the bladder ^ and mucus- 
threads are never absent, thougli their amount differs in the different 

Acute Catarrhal Cystitis (Fig. 118).— In an acute catarrhal cystitii 

of moderate se\Trit\' the reaction of the urine may still be slightly add, 
and salts will usually l}e found under the microscof)e, though they are not 
abundant. Those most common! v seen are crvstals of calcium oxalate of 
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Fio. 118. — Acute Catarrhal CrsTiTta (X iiOO). 
RB,Ht^d blood-eorpuscW ; PC, pu^-corpuMclen ; O, calciuni oxaL&te; UA, BULmoniiim 
UTAie ; VBj epithclia from the upper layers of the bladder; MB, epitheiia from the tnlddle 
Isyeraof the bladder; MT, mucuii-thi^iuls: MC\ macua^Qrpu^Je« ; CBj bacUti and cocoL 
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diflferent sizes, present in almost every field. Even in those cases, how- 
ever, which still give an acid reaction, globules of ammonium urate, partly 
the dimib-bell form of ammoniimi urate in statu nascenti, partly small, 
but fully formed globules, are seen. 

Pus-corpuscles are never absent, as without them no diagnosis of in- 
flammation is possible; but their number varies, and the mildest cases 
show perhaps only two, three, or four in every field. The more intense 
the inflammation, the more numerous are the pus-corpuscles. Red blood- 
corpuscles are present in every case of acute cystitis, and also vary in 
number to a great degree, but, unless hemorrhages have occurred, are 
never abundant. In hemorrhages, which are rare in these acute cases 
and are usually found only when the cystitis is due to calculi, tumors, 
parasites, or a severe trauma, the red blood-corpuscles may be so abun- 
dant as to obscure the other features. 

The diagnosis of a cystitis depends entirely upon the presence of the 
characteristic epithelia from the different layers of the bladder. As pre- 
viously explained, the bladder has stratified epitheliimi, the different 
strata of which contain different epithelia. The upper layers are lined 
with flat, the middle with cuboidal, and the deepest covering, one layer 
only, with columnar epithelia. The flat epithelia are desquamated in per- 
fect health, though to a small degree only, and when these are present 
alone in the urine, without any pus-corpuscles or cuboidal epithelia, the 
diagnosis of cystitis must never be made. As soon as the cuboidal epi- 
thelia are found, we can be certain of a pathological process in the blad- 
der; the more pronounced, the more numerous they are. 

In an acute catarrhal cystitis the flat epithelia from the upper layers 
and the cuboidal from the middle layers are always present together, and 
the more flat epithelia we find in comparison with the cuboidal, the milder 
the case. In such cases pus-corpuscles are scanty. When the flat and 
cuboidal epithelia are present in equal numbers, the inflammation is not 
very severe, but when the cuboidal epithelia are more abundant than the 
flat, pus-corpuscles will also be more numerous and the inflammation is 
more intense. We do not expect to find columnar epithelia, unless the 
inflammatory process has extended to the deepest layer, and has become 
very pronounced. 

The sizes of the different epithelia vary in a small degree only in the 
different cases, therefore can always be diagnosed. Care must be taken 
not to mistake folded epithelia frorh the upper layers for columnar epi- 
thelia, which they sometimes resemble; they are, however, somewhat 
more irregular, always paler, and more finely granular than those from 
the deepest layer. 

Mucus in the form of threads and corpuscles can be found in almost 
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every case, but is more abundant in the severer inflamniatioiis. Mucus- 
threads are pale, and consist of fine, sometimes hardly perceptible fibres* 
They should never be oiistakcn for connective- tissue shreds — wliich we 
do not expect to find unless the case is intense or hemorrhages occur — 
since they are pale, finely striated^ and the individual fibres usually run 
quite parallel. "WTieii large, mucus-threads may branch off ami some- 
time fill the greater part of the field- Besides the threads, mucus-cor- 
puscles are also found in varj^ing nimibers. Such corpuscles are pale, 
more or less irregular in outline, finely granular, and do not contain a 
nucleus. They may have the size of pus-corpuscles, but are often consid- 
erably larger. Even in the milder cases of cystitis the so-called cyUn- 
droids or mucus-casts — pale, delicate^ striated formations— can also be 
s^n. 

The only other features which may be found in these cases are bac* 
teria. Their number has little significance as to the severity of the in- 
flammation, since even in severe inflammations they may be scanty, 
while they may be abundant in a mild case. 

Chronic Catarrhal Cystitis (Fig. 119). — In chronic catarrhal cystitis 
the reaction of the urine is usually alkaline, and the more pronounced 
this reaction, the more chronic is the ease. The sediment generally con- 
tains the different varieties of phosphates, both complete and incomplete 
triple, as well as star-shaj>ed simple phosphates. Globules of ammonium 
urate are often quite abundant, 

Pua-corpmcles var>' in number according to the intensity of the in- 
flammation, and in many small, glistening fat-granules and -globules mill 
be found. Sometimes they contain ilark brown granules of pigment. In 
the more intense cases pus-corpuscles are nimierous, and are frequently 
swollen, hydropic, or disintegrate*J. In purely chronic cases rotl blood- 
corpuscles are scanty or entirelj^ absent. When acute exacerbations or 
hemorrhages ensue, they become considerably more numerous. 

Epithelia are always present in greater or less amount, but their relnr 
tive numbers arc somewhat difi'crent from those found in acute cystitis. 
While in the latter flat epithelia from the upper layers are quite abundant, 
the}' ore either entirely absent in the chronic cases, or are seen, in smdl 
numbers only; this is one of the differential points of diagnoe^is. Epi- 
thelia from the upjier la3'ers, when present in large numbers, denote eitJier 
an acute case or an acute exacerbation of a chronic inflammation. 
Cuboidal epithelia from the raitidle layerst are always found in varj-ing 
numbers, many containing fat-granules or -globules. Columnar epithelia 
from the deepest layer are seen in the severer eases only^ and then in 
small numbers. Free fat-globules are always present. 

Mucus-threads and -corpuscles are coiistant featm-es in chronic car 
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Fio. IIE^. — Chrontc Catarrhal CYaTixis (x 500). 
UAf Ammonium urat*; TP^ triple plvoupbates; SPt Bimple pHtMiphate*; PC, pua- 
eorpuficlea; MB, cplthelia from the middli? layers of the blacider, contaitiirig fat-globules; 
MTt TOUcua-threftdJs ; MC, mucuiHCorpusclei^ ; BCf bacilli and cocci; FO, free fat-globulea. 
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tarrhal cystitis. In cases having a highly alkaline reaction^ the urine is 
ropy and a jeUy-like, viscid mass is pr^ent, sometimes so pronounced as 
to compose the greater part of the sediment. A iirine containing such 
massea^ always has an ammoniacal odor, and the alkaline salts are ex- 
tremely numerous. Besides the salts and bacteria, such a jeUy-Uke mass 
consists of stringjs of mucus, sometimes filling entire fields of the micro- 
scope. In many of these cases neither pus-corpuscles nor cpithelia can be 
recognized to any great degree, having become hydropic, pale, and ap- 
parently changed to mucus-corpuscle. The apj:>earance of a urine con- 
taining such masses is so characteristic to the naked eye that a diagnosis 
of chronic cystitis can, in many cases, be made without a microscopical 
examination. Bacteria are never absent in chronic inflammations, and 
are usually abimdant. 

Subacute Catarrhal Cystitis.— The features found in a subacute 
catarrhal cystitis are a moderate number of red blood-corpuscles, pus- 
corpuscles, as a rule not abundant, a few epithelia from the upper layers 
of the bladder, a moderate number from the middle layers, a few fat- 
globules, and a moderate amount of mucus. The reaction in such cas^ 
is usually slightly alkaline. 

ULCERATIVE CYSTmS. 

The development of ulcers in the bladder is not rare, and traumata of 
different kinds are perhaps the most frequent causes. With the presence 
of calculi and parasites in the bladder, but especially in tuberculosis in 
any part of the geni to- urinary- tract, ulcerative c}^ tit is is of conimon oc- 
currence. In pronounced cases such a urine has an intensely putrescent 
odor and is verj' turbid. 

Mieroscopicul Features.— Acute Ulcerative Cystitis (Fig. 120). — Un- 
der the microscope the features of an acute ulcerative cystitis are the 
follomng: 

The number of pus-corpuscles varies considerably, and they are not 
necessarily abundant. Red blooil-corpuscles are always fairly numerous, 
and in many cases even hemorrhages exist. Epithelia from the bladder 
are abundant, and present from all three layers; the columnar epithelia 
from the deepest layer, usualh^ absent in catarrhal inflammatioii, are 
often almost as abundant as those from the middle layei^. 

Connective^tissue shreds are foimd in large numbers, some of the 
shreds being large, while others are only of small size. These shreds are 
of moderate refraction, and consist of wavy, irregular fibres. The differ- 
ence between them and mucus-threads, which are also present in \'ar>'ing 
mtmbers and are much paler than the former, is plain. 

Bacteria are numerous in all these cases, antl zoogkea-masses are in- 
17 
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variably foun^L Th^e masses are often large and numerous, and are 
never see a to such an extent in simple catarrhal cystitis. Their diagnosis 
is easy, and when large groups are present around connective- tissue 
shredSt in fresh urine^ the existence of an ulcer is almost, certain. The 
salts vary considerably in amount in acute cases, and at times they are 
found in small numl>er8 only. 

Chronic Ulcerative Cystitis (Fig, 121).— Alkaline salts, especially 
phosplialc.^. are ahun<lant. Pus-corpuscles are present in moderate nura- 
l>er, but re<l blood-corpuscles are usually scanty. Epithcha from the 
upix^r layers of the bladder are cither entirel}^ absent or scanty, though 
traa^itioiml epithelia may Ijc found. Cuboidal anrl columnar epithcha 
are abundant, the latter being often alniast as numerous as the former. 
Pat-globules and -granules, Ijoth in free groups antl in the pus-corpuscles 
and epithcha, are always seen. Connective-tissue shreds are just b& abun- 
dant as in acute cases, while mucus- threads and -corpuscles are more 
ntimerous. Zuoglnea-nia^sas are never absent » and may attain large sizes. 
Other bacteria are also found in large numbei^. 

When the diagnosis of a chronic ulcerative cystitis has become clear 
from the above features^ and the constitution is greatly impaired, as seen 
by the finely grarudar i>us-cor[iusc!es ; when, furthermore, no evidences 
of calculi or parasites are found, an examination for tubercle bacilli 
should always be mtule. In a number of cases, where the clinical s>^mp- 
toms were vagiie, but an ulcerative cystitis was present, examination for 
tubercle bacilli revealed the existence of a tuberadosis in the urinary 
tracts and at once cleared up the caise, 

l\\ one case, which was examined by the author, the ulcerative cystitis 
wiis proiluced by actinomyces. The urine contained a number of small 
granular masses, apparent to the naked eye, and upon examination these 
were found to consist of the cliaracteristie club-shaped conglomerations 
of actinomyces, pre\nously described. 
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Suppurative cystitis is comparatively rare. The diagnosis can lye 
made if pus-corpiBcIes are numerous and epithelia from the different 
layers of the bladder abundant, (-onnective- tissue shrefls are always 
present and reti blood-corpuscles quite numerous. In such cases bacteria 
will be seen in larger numbers, but the zoogl^ea-masseSj which are found 
in ever>' ease of ulcerative cy.stitis, are not present, or, if so, not pro- 
nounced. The differential diafjnosis between an abscess and an ulcer 
must, however, be made chiefly from the comparative numbers of pus- 
corpuscles, which in an abscess are considerably more abundant* 
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Flo* 120. — AcuTB Ulcerattvij Cvstitxs (X 500). 
HB, Red blood-cofptiscles ; P€\ piua-corpuscl^ ; VB^ epithelm from the upper layensof 
tber bladder T MB, epithelia from ttie middle lany^rs of the bladder; DB^ cpHhelia from tbe 
deepesit layer of the bladder; CF, connectiv^tUsue shreda; A/T, mucu&^threada; Zt 
zodgLtx^a-masseB ; ZC, conneetive-tiesue ulijx^ds iatHi uoogltt^^a-miiases ; Mt mltrococci; 
Btt fftfeptococei ; B^ bad 111 
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FtG. 121,"CttiioN'icr Ulcerative CSstitis (X 500)» 
PC, Piis-(*orpu»clea, some? contammg fat-giobuics; MB, ppithclm from the middle 
IjLSreis of the bladder* ssome t*outaJmiig f at^glabules ; DB^ epithfliu frtmi the deepc^l layer 
of the blmlder: TP, incomplete triple phosphate; CT^ connect! ve- tissue shreds; MT, 
mucus-thread; FO, free fat-globulea' Z, »o6gl€cft-mftss ; BC, bacilli and cocci; ZC^ 
xo6glce&-maa$e^ with t^anaective-tlaaue shreds. 
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PERICYSTITIS. 

When an inflammation is present around the bladder, instead of in the 
wall of the bladder proper, and pressure is exerted upon that organ, the 
epithelia from the middle layers of the bladder may show changes in a 
pronounced degree, which have been previously alluded to as endogenous 
new-formations. Such changes will occur when parametritic exudates 
exist, pressing upon the bladder, when a tumor is present either in the 
neighborhood of the bladder or in the wall of the bladder, or even simple 
extravasations of blood in the wall of the bladder may cause them. 
Pressure of any kind, no matter how slight, if continued for some time, 
such as pressure of the uterus upon the bladder, or of the prostate gland 
on account of hypertrophy of that organ, or inflammations of the seminal 
vesicles, will all produce such changes. 

In simple catarrhal cystitis a small number of epithelia from the mid- 
dle layers may be found, containing a number of nuclei or even newly 
formed pus-corpuscles. So long as these formations are scanty, they may 
be produced by the inflanmiatory process alone — a fact which has been 
known for many years. As soon, however, as the epithelia become irri- 
tated through pressure of some kind, the endogenous new-formation of 
pus-corpuscles in the desquamated cuboidal or columnar epithelia is very 
abundant. One epithelium may contain from two to four or even six 
such pus-corpuscles, or, instead of them, vacuoles may be seen, or pus- 
corpuscles and vacuoles in varying numbers. 

The features found in a case of pericystitis due to a parametritis are 
shown in Fig. 122. They are the following: 

Pus-corpuscles are present in rather large numbers, and red blood- 
corpuscles are fairly numerous. Cuboidal epithelia from the middle layers 
of the bladder are abundant, and in almost every one the endogenous 
new-formation is plainly visible; smaller cuboidal epithelia from the ure- 
ters are present in moderate numbers, some of which also contain endog- 
enous new-formations. In a few of the pus-corpuscles and epithelia fat- 
globules are seen, and small groups of free fat^globules are also found. 
Mucus-threads are abundant and large, while connective-tissue shreds 
are scanty and small. 

Besides these features, ciliated columnar epithelia from the mucosa of 
the uterus and larger irregular epitheUa from the cervix uteri are seen, as 
well as those from the upper and middle layers of the vagina, Tyhich, with 
the pus-corpuscles, are sufficient evidences of an endometritis, cervicitis, 
and vaginitis. 
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II, TUMORS OF THE BLADDER. 



Although many different varieti^ of tumors may occur in the bladder, 
the most common, and those which can frequently be diagnosed from an 
examination of the iirine, arc benign papilloma and malignant sarcoma 
and cancer. Myoma is a rare tumor in the bladder, but when present can 
also be dia^ioscfl, if particle of the tumor ajipear in the urine. As loi 
OS no ulceration has taken place, the pre^ience of a tumor of any kintl can 
only be suspected; but as soon as ulceration haa sat in and particles of 
the tumor are found in the urinary setliment, the diagnosis becomes 
positive. 

Clinicnl Sijmploms, — In all tumors of the bla^kler, benign as well as 
malignant, one of the first, if not the first, and most pronounced syraf> 
tonis is hiematuria, miliL in character only at the commencement^ and 
occurring at long intervals^ but later becoming more pronounced and 
more frequent. This httmatiiria may take place at any time, and is jimt 
BB common during rest as when the patient is active. Besides the haema- 
turia, pain is pressent in many eases, but not in all, being more frequent 
in malignant than in benign timiors, and radiating to the jierineum, the 
thighs, and the scrotum. In benign growths j ijaiup if present at all, is 
rarely pronounced. Frequent micturition may exist quite early in tba 
disease, and becomes more pronounced in the later stages, 

Mahgnant tumors sooner or later will cause general symptoms^ and, 
as a rule, end fatally in the course of one or two years, although eases of 
undoubted sarcomata ha\^ been known to last four or five years. 

None of the symptoms here given are at all characteristic, and micro- 
Bcopical examination of the urine must be relief! ujx>n for a positive dtag> 
QQsis, Tumors of the hlachier may occur at all ages, a cose of papilloma 
having been diagnosed by the author from the urine of a child of one year. 
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PAPILLOMA, 

Microscopicnl FeatuTe^.—The microscopical feature in a case of papil- 
loma of the bladder are illustrated in Fig. 123. 

Since hemorrhage is of such common occmrence in these tumors, red 
blood-corpuscles are usually present in the urinary sediment in laigej 
numbers. These may be irregidarly scattered throughout the field, or 
are found conglomerated in groujxs, partly \*ellowish, containing haemo- 
globin, but at the time of examination mostly colorless, with the charae- 
t-eristic double contours. In cases of active hemorrhages, hsematoblasts, 
having the api>earance of red blood-corpuscles, but only half their size. 
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Fia* 122. — Pkricystitis, Due to PAHAMr^TRiTTS (x 5001. 
RB, Reel blood^:orpii!iple: PC^ pus-corptwiclcs: UB, tpiUifliujii from flit' iippc^r In vers 
of the bladdi^t; MBt epilheliB from the middle layers of the bludder, with endc>grTi*>tiH 
beW'forniQLtLoiis: UE, eptthehiL from the ureter, with endogenous new-formstiuiu^ ; MV, 
epitheh^ from the mueoea uteri: CE, epithelia from the cervix, ijten; UV^ epithelia frotJii 
the upper layers of the vaginft; MV, epithrha from the middle layers of the vagina; 
3/7*^ muctia-t bread ; Af C| mucii9-c&«t; CT, Conner tive- tissue atired; i'^G, free fat-giobulea. 
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may be abundant. If the latter contain hipmoglobin, so thai the double 
contotir is iioi seen, care must be exercised not to mistake them for fat^ 
globules, or even conidia; they may be foimd in large groujis as well as 
singly, between the regular-sized blood-corpuscles. 

The characteristic features of a papilloma are jiecuiiar connective- 
tissue slireds, which, as a rule, are abundant. Although variously sized 
fihreik, not differing in any respect from those generally seen in the urine, 
are present, the larger numbers have an entirely different api)oarance. 
They are long, or extremely irregular, frequently branching in different 
directions, and often assume the shape of coils or knobs. Such shretls are 
coar&ely granular, and not infrequently contain a number of inflamnmtor}' 
corpuscles. Again, they may be found studded with fat-globules of differ- 
ent sizes, some of these being quite large. In rare cases, bloml -vessels, 
cither in process of formation or fully formed, some of considerable size, 
may be contained in them. 

The forms in which connective-tissue shreds may be foiuid in the urine 
when a papilloma exists are sometimes so peculiar that a diagnosis can 
only be made when smaller and more regular shreds are found. In one 
case it seemed at first glance ilh if large parasites of an unknown nature 
were present, hut a more careful exanaination showed large knobs and 
coils, in which capillary blotxU vessels, filled with blood-corpuscles, were 
seen coursing in various directions. Tlie individual fibres of such shreib 
may have entirely disai)|>eared, and the whole shred appears as a mass of 
coarsely granular protoplasm ; these shrefls might well l>e termed proto- 
plasmic outgrowths of connective tissue. The more common varieties of 
connective- tissue shrefls found in papilloma are shown in the illustration. 

Tn all cases of papilloma, epithelia from the different layers of the blad- 
der, more especially the cuboidal and columnar varieties, are quite abun- 
dant, and usuaily are more or less studded with fat^globules, which latter 
arc also seen in small groups. Many of the bladder epitbelia contain the 
endogenous new-formations. Besides thesCj irregulai", coarsely granular 
epithelia, with endogenous new- formations — the covering epitheUa of the 
papilloma — are also present. These have the size of bladder epithelia, 
though they are always Irregular^ and are not characteristic of the papil- 
loma. In none of the cases were the epithelia found adherent to the con- 
nective-tissue shreils, and care must be taken not to attempt a diagnosis 
of a tumor from these epithelia alone. 

In every case of papilloma pus-corpuscles are present. They var>' in 
amount with the intensity of the accompanying inflammation, which, 
though never absent, differs in degree in different cases. As a rule, the 
pus-corpuscles have a moderately coarse granulation, if the tumor has 
remained local and produced no secondary nephritis, showing that the 
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constitution of the patient is fairly good. In rare cases enormous ; 

of fibrin are found in the urine — regular fibrinuria. Mucu^threads are 

alv/ays present, though the other featiires may render them indistinct. 



8ABCOMA. 

A§ has l>een described in the previous chapterj a sarcoma can be diag^ 
nosed from the urine, when present in any part of the genito-urinary 
tract. Bart'omata of the bladder^ although not common, undoubtedly 
occur* As in all tumors of the bladder, hemorrhages are frecjuent in sar- 
coma, and when the urine is examined during an atts rk of hemoirbage, 
the diagnosis becomes more difhcult, since no such characteristic connec- 
tive-tis8ue shreds as in papilloma are here found. 

Microscopical Features. — If blood-corjiusctes are present in moderate 
numbers only at the time of the examination, the other feMures are dis- 
tinct enough, and grouj^s of small, glistening, frequently homogeneous, 
non-nuelcated corpuscles, larger than red blood-corpuscles, but smaller 
than pus-corpuscle, are found in large numbers. Thei?e rori>uscles, re^ 
sembling lymph-corpuscles» are the elements characteristic of a small 
round-celled or l^Tupho-sarcoma. Connective-tLssue shreds must, how- 
ever, alwa^'s be seen l>efore the diagnosis becomes |x>siti\'e ; these shreds 
may attain large sizes, and freqiiently contain inflammatory* corpuscles. 
In most ca^^es they do not differ from the shreds commonly found in urine, 
except by their large size. 

The other features seen in a sarcoma of the bladder are the same as 
those seen in every severe subacute or chronic catarrhal or ulcerati%^e cys- 
litis, ejjithelia from the deepest layer of the blatlder being rarely absent. 
Many epitheha contmn endogenous new-formations, and these are not in- 
frequently seen in the accompanying epitheha from the ureters. Piis- 
corpuscles and fat-globules in varying numbere, together with mucua- 
threads, complete the features in th^e cases. 



CAHCINOMA, 

The varieties of cancer developing in the bladder are principally the 
villous, the epithelial, and the medullar\% the firet two Ijeing more com- 
mon than the third. \'illous or papillary cancer, the eo-called caultfiower j 
growth, is probably due in many cases to a secondarv^ malignant change { 
of a previously benign papilloma. Tins can be proved in those cases in 
which a tumor, having lasted for years and having always given the char- 
acteristics and features of a l>enign papilloma, becomes changed and as- 
sumes the featuris of malignancy. Such a villous cancer is in reality only 
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Flo. 123. — HEMOHtuiAOli rROH TBE BlajjdeRj Dim TO Papilloma 
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a subvariety of an epithelial cancer or epithelioma, but seems to be more 
frequently seen in the bladder than the regular epithelioma. Medullary 
cancer, perhaps the most malignant, that is, most rapidly fatal of all can- 
cers, does not often develop in the bladder, and if it does, can hardly be 
distinguished by an examination of the urine, unless large masses of the 
tumor are cast off. 

Microscopical Features. — The features found in a urinary sediment of 
a case of villous cancer are depicted in Fig. 124. 

At the time this mine was examined, there was no active hemorrhage; 
therefore red blood-corpuscles were not numerous, though some were 
present. In different fields variously sized, dark brown or even black 
blood-clots were seen, composed of masses of disintegrated blood-cor- 
puscles. Haematoidin cryjStals, in the form of small plates and needles, 
the latter also seen in small conglomerations, were present, though not 
abundant. 

The connective-tissue shreds found in villous cancer may be even 
larger and more irregular than those seen in papilloma, not infrequently 
having the appearance of cauliflow^er-like excrescences, or containing 
large bulbs or knobs. These shreds are always coarsely granular and 
filled to a greater or less degree with inflanmiatory corpuscles, more pro- 
nounced than in papilloma. Again, a number of these shreds contain 
large, irregular cancer epithelia, sometimes even small nests, a feature 
never found in the connective tissue from a papilloma. Capillary blood- 
vessels, filled with blood-corpuscles, are sometimes found in these shreds, 
and may pervade their entire length. 

The original fibrous structure of the connective-tissue shreds has be- 
come changed, and only scanty fibres are present, the shred frequently 
appearing as a mass of coarsely granular protoplasm. Connective-tissue 
masses with a pronounced epithelial covering may perhaps occur in the 
urine in rare cases, but the detached masses from the tumor are usually 
changed, being broken down more or less completely, so that an epithe- 
lial covering is rarely seen. 

Besides the epithelia from the middle and deepest layers of the blad- 
der, containing fat-globules and endogenous new-formations, large num- 
bers of irregular, coarsely granular epithelia, partly single, partly in 
groups, are present; these also contain fat-globules and endogenous new- 
formations, and are the cancer epithelia. As long as these epithelia are 
seen alone, without other evidences of cancer, no diagnosis of a malignant 
tumor can be made, since they cannot be differentiated from other epi- 
thelia, as, for instance, those found in papilloma. In pronounced cases 
of cancer, however, variously sized epithelial nests may be seen, contain- 
ing three, four, or more cancer epithelia, and as soon as these are found 
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the difl^osis of a eanoer becomes positive^ even though the coimective- 
tissue shreils slioukl not be as characteristic as above described. Piis- 
corpuacies are always present in moderate or large numbers. 

Not only can a villous cancer be diagnosed, as just described, put abo 
a regular epithelioma. In such cases the urine may contain epithelial 
masses showing a pronounced concentric arrangement, and even the fatty 
degeneration of the epitheha in the centre » producing shining, irregular 
masses of fat— the so-calleil cancer pearls— may be present. All the other 
features remain the satne. 

The jK>sitive diagnosis of medullary cancer from the examination of 
urine is not so easy, though the pres^ence of a cancer of some kind can, as 
a rule, be made from features similar to those described. ^^ 

When a tumor in the bladder has existed for some time, secondarj^H 
infiammations of the ureter, the pelves of the kichieys, and the kidne}*? 
fnxiueutly develofj sooner or later, and may become pronounced. In the 
kidney both catarrhal or interstitial and croupous or parenchymatous in- 
flammation may ap{>ear. The urine then shows all the features of such 
an inflainmation, in addition to those of the tumor- In the case of a ehilfl 
one year of age, in which a papilloma of the bladder existed, all the feat- 
ures of a subacute croupous nephritis were also founds and the case proved 
fatal hi a short time. 



TIL PARASITES /A^ THE BLADDER. 

That a large number of micro-organisms of different kinds may not 
infrequently Ije found in the bladder, has already Iseen mentioneci. 
Symptoms of a more or less pronounced cystitis will sooner or later ap- 
pear in almost all those cases. 

Animal parasites are also occasionally found in the bladder, among 
these being eckinococci, actinomyces, disioma hwmatohium, and jikiria sa 
guinis^ k\s well as ascnris lumhricoides, ^trotrgyln^ ^V^^^ ^^^ oxtfuris t«r- 
micukiris. The diagnosis of these parasites is possible only when either 
their ova or the parasites thetnscH'es can be disco vere<.l in the urine* 
Many of these will invade the bladder onlv secondaril}^, being present in 
other organs, as the kidney or pelvis, or find their way into the blafkler 
through the urethra. 

In e^^erv^ case of this kind, either hemorrhage or inrtammations of 
varying degrees of intensity will sooner or later develop, with all the char- 
acteristic features in the urine. Ulcers are often due to such parasites, 
as, for instance, in the case of actLnomycosis of the bladder prev^iously 
mentioned. 
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CHAPTER XVIII. 

DISEASES OF THE SEXUAL ORGANS. 

Diagnosis of diseases of the sexual organs by microscopical examinar 
tion of the urine must of necessity be limited; it is not of so great prac- 
tical importance as in diseases of the urinary organs, since the clinical 
symptoms are in many cases sufficiently clear. There are, however, cases 
where the examination of the urine will either corroborate a suspected 
diagnosis or may even lead to the clearing up of the case when the clinical 
symptoms are not plain. This will naturally be of more common occur- 
rence in diseases of the male than of the female tract, in which latter, 
examination of the patient is, as a rule, sufficient for the diagnosis. 

In the male, inflammations of the urethra, the prostate gland, and the 
seminal vesicles can be diagnosed from urine examination, while in the 
female those of the vagina are easily diagnosed, and sometimes also those 
of the cervix of the uterus and the uterine mucosa. 

URETHRITIS 

Acute Urethritis. — The clinical symptoms of an acute urethritis, 
whether gonorrhoeal or non-gonorrhoeal, are so evident that an examinar 
tion of the urine is never required to clear up the case. When the urine 
is examined for other purposes at the time such a urethritis is present, 
large numbers of urethral epithelia are always found. In the first days of 
a urethritis the irregular, flat epithelia from the upper layers are more 
abundant, but soon the cuboidal and columnar epithelia are seen. Pus- 
corpuscles are present to a varying degree in every case. 

Chronic Urethritis. — The symptoms of a chronic urethritis, espe- 
cially when of a mild character, may be so slight that an examination of 
the urine will help to clear up the diagnosis. 

In many or these cases conglomerations of mucus with pus-corpuscles 
and epithelia — the so-called gleet-threads — are found, even though they 
are scanty. Under the microscope these threads (Fig. 57) consist of a 
varying amount of mucus, both fibres and corpuscles, from the mucous 
glands of the urethra; pus-corpuscles, which are abundant in the more 
pronounced, but may be quite scanty in the mild cases, and urethral epi- 
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thelia, which abo vary in niunter. Besides these features* epilhelia from 
the prostate gland are almast invariably present, and ai'e ui^ually more 
numerous than the uretliral, wliieh latter may at times not l>e found at 
all. The larger numbei^ of pus-corpuscles and epithelia are seen studdeil 
with small fat-globuleg. and the^e may also be seen upon and bet\iepn 
the mucus- threads. If gleet- threads are not present, irregidar uretliral 
epithelia in small numbers^ with pus-corpusles, mucus-strings, and 
prostatic pjMthelia, are seen in many eases of chronic lu^thritis. 

When an ulceration or stricture exists in the urethra, the urine, as a 
rule, sho\i*s some feature. In an ulceration, red blood-corpuscles in at 
least moderate numbers, pus-corpuscles, bacteria— especially the 20QglcFa- 
masses— urethral epithelia, mostly the cuboidal and columnar varieti*^ 
together, and eonnective>ti^ue shreds are never absent. As the prostate 
gland almost invariably becom43s involved in these cases, prostatic epitht*- 
lia are aJao present. 

In stricture of a mild character, small connective-tissue shreds, with 
a few epithelia from the urethra antl j.irostate gland, and a fe^* pus.-cor- 
puscles, are not infrequently seen, although there may be no feature 
whatever in the urine of such cases. The urethral epithelia may have two 
or even mors nuclei. 

PHOSTATITIS. 

The diagnosis of a prostatitis from the urine h undoubtedly of greats 
im^xjrtance than that of a urethritis, since, especially in the mild clironic 
eases, the clinicaJ symptoms may not be sufficiently pronounced. 

Causes. — The causes of a prostatitis are numerous, though probably 
the most frequent cause of an acute inflammation is an acute urethritis, 
T!ie passage of unclean instrumenta, such as sounds or catheteis, injec* 
tions of chemical agents ^ or any irritant or injury of whatever kind, such 
as may be due to horseback or bicycle riding, may cause a prostatitis, as 
well as simple exposure to cold and wet. In the course of febrile diseases 
it also develops occasionally. 

Chronic prostatitie may be produced by stricture of the urethra, ma^ 
turbation,- excesses in venerj^, hemorrhoids, constipation, or by inflanima* 
tions of the neighboring organs. 

Climcol Spripimns. — An acute prostatitis, if severe, may be ushered 
in by chills and fever, followed by discomfort or pain in the perineal re- 
gion anri frequent micturition. The pain is usually increased upon mo- 
tion, and the perinenni is found to be sensitive upon pressvu^* 

In chronic prostatitis the sj^nptoms may be slight, the principal one 
perhaps being the occasional discharge of a small amount of a clear, viscifl 
fluid, constituting the so-called prostatorrhcra; this flow is usually in- 
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creased upon defecation. Besides this, >slight diecomfort and tenderness 
in the perineum, frequent micturition^ and slight pain at the end of urina- 
tion may be present* Enlargement of the gland may cause more or less 
retention of urine. 

Fmturts Found in Urine. — The appearanee of the urine varies con- 
siderably with the intensity of the inflammation, and is not charaeteris- 
tic. In acute cases slight or more pronounced hemorrhage may take 
plaee, and cause the urine to assume a darker color; when considerable pus 
IS present it will be more or less turbid, anil also contain a varying amount 
of albumin. In mild chronic cases the urine may be perfectly clear. 

When such a urine is examined for albumin, it must not be forgotten 
that whenever pus-corpuscles and red blood^corpuscles are present albu- 
min will always be found, its amount depending upon the amount of pus 
and blood, so that in cases of abscesses or hemorrhages the urine may con- 
tain considerable albumin, and faint traces are rarely absent when there 
is any inflammation of the prostate gland. It is evident, therefore, how 
important a microscopical examination of the urine becomes in all these 
cases^ since such an examination alone will determine whether the kid- 
neys are inflamed, and this be the source of albumin, or whether the albu- 
min is due simply to the prostatitis. 

Acute Prostatitis. — In an acute prostatitis of moderate severity, the 
features found in the urinary setliment are red blootl-corpusclt^ in var>^- 
ing numbers, pus-corpusrles, mucus, ami epithelia from the prostate 
gland, Reil blood-corpuscles are nevfr absent in an acute inflammation, 
and are numerous when hemorrhages occur* as is sometimes the case. 
Pus-corpuscles vary in number according to the degree of intensity of the 
inflammation. Mucus, in the form of threads and corpuscle^^ is always 
increased, and may be present in large amount. 

The characteristic features of a prostatitis are the epithelia. The 
prostate gland is^ as a rule, lined by simple cuboidal epithelium, though 
occasionally a pseudo-stratifieil epithelium, partly cuboidal and partly 
columnar, is seen; while the ducts of the gland are lined by columnar 
epithelia. The cuboidal epithelia arc about twice the t^ameter of the pus- 
corpuscles, and are larger than those fronn the convoluted tubules of the 
kidney. They have the same size as the cuboidal epithelia from the ure- 
ters, and when they are pr^ent alone, without the columnar epithelia 
from the ducts^ the comparative number of these, viith those of the kid- 
ney and pelvis of the kidney, must be taken into consideration. An in- 
flammation of the ureters is almost invariably secondary* to a nephritis 
or pyelitis, and when the epithelia from the kidney or pelvis, or both, are 
seen, together with a smaU number of those tvnte the size of the pMs- 
corpuscles, they are always ureteral. The absence of s>Tiiptoms of a 
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pyelo-nephritis, but the presence of a varying number of euboidal epi- 
thelia double the size of pus-corpuscles^ would show that they are from 
the prostate gland, Since a prostatitis, esjiecially when it has lasted for 
some time, may cause a secondary inflammation of the bladder, the ure- 
ters, pelvis of the kidney, and kidney, epitheha from all these organs may 
be present, and here not onl>' the comparative number, but also the eliii- 
ical symptoms of the case, will have to be taken into consideration to 
determine the positive source of the epilhelia. 

On the other hand, in an inflammation of the prostate gland ihe col* 
mnnar epitheha from the ducts of the gland are almost invariably pres- 
ent mth the euboidal epithelia in moderate or even large numl>ers, while 
the columnar epithelia from the ureters are rarely seen, and then in small 
numbers only. The columnar epithelia from the pelvis of the kidney, 
although they vary In size to a certain degree, are always somewhat larger 
than those from the ducts of the prostate gland and more irregular, so 
they cannot be mistaken for the latter. 

A prostatitis is in most cases associated with inflammation either of 
the urethra or of the bladder (especially the neck), or lK>th, and the epi* 
thelia from these organs will then be associated with those from the pros- 
tate gland, t^evere cases, as alread}^ mentioned, are ascending in charac- 
ter, producing a ] pyelitis and finally a nephritis, with all the accompanying 
features of the same. 

Acut* suppurative prostatitis, or abscess of the prostate gland, is of 
common occurrence, and its features are illustrated in Fig. 125, 

We see here red blood-corpuscles in moderate numbers, and pus-eor- 
pusclcsi in extremely large amount, which not infrcfpiently fill up entire 
fiekls of the microscope, Cuboidal epithelia from the prostate gland, as 
well as colunmar epithelia from the ducts, are always present in these 
cases, and are not infrei[uenth' found in grOiii>s. Connective-tissue shreds 
are seen in varying numbers, and unless they are found the diagnosis of 
an abscess must never be made, even if pus-corpuscles and epithelia are 
numerous. The latter is the chief point of distinction between a severe, 
but non-suppurative, prostatitis and an acute abscess. Mucus-threads 
may be found in large numl>ers. 

When a suppurative prostatitis is the result of a urethritis, which is 
frequently the case, the irregular epithelia from the urethra will be foimd 
accompanying the features Just describetl, and, as a rule, epithelia from 
the upjjcr and middle layers of the bladder are also present, showing a 
cystitis. In both the lu'ethral epithelia and tlie bladder epithelia an ea- 
dogenoua new-formation of pus-corpuscles may be seen. 

Chronic Prostatitis- — Chronic }>rostatitis will give characteristic feat- 
un^ under the microscope (Fig, 126), 
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Flo* 125. — Acute Absckbs or Tbb Prostate Glani> (X 500), 
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CT, coimeetive-ti^ue ^jhrcda; MT, xuucus-tbreads ; MB, epilbelia from i\m middli! layers 
of the bladder. 





Flo* 126. — CttBONtC PllOSTATtTlfl (X 500.) 

PC, Puii-Odrpusclea eontaimng fal-globulefl ; PE, epLthelia from the pro^t&ti* gL&nd, 
containing rat-globiilGs; DF, epithelift from the ducts of the prostate gland, eontoioing 
fat-g]obules ; MB, cpithelift from the middle layers of the bladder; NB, epitbcSi^ from the 
neck of the bladder; MT, muc ub^ threads ; FG, fnee fat^globules. 




DISEASm OF THE SEXUAL ORGANS. 



283 



Red blood-corpuscles are here either entirely absent or scanty, and 
pii8-con>iiscles are present in moderate numbem only. Cuboidal as well 
as columnar epithelia from the prostate g!antl and its duets are quite abun- 
dant, the former being often found in groups of four, five, or more. Both 
the pus-corpuscles and the epithelia are studded with glistening fat-glob- 
ules and -granules, wliich latter also lie free. In the ease from which the 
illustration Wiis tlrawn, this fatty change was extremely pronoimced — 
more so than is usually the case. Every epithelium and almost every 
pus-eorpuscle were filled with these globules, giving the whole corpuscle 
a glistening appearance. The free groujis of fat-globules ^'ere numerous 
and large, the individual globules in many grouj^s being of considerable 
size. Mucus- threads were seen in moderate numbers, but connective- 
tissue shreds were absent. 

In this case no urethral epithelia wore aeen^ but the accompanying 
cystitis was pronouncedj so that the epithelia from the bladder were quite 
abundant. Not ordy the regular cuboidal ejjithelia from the middle layers 
of the bladder, studded with fat-globules, were present, but also larger 
epithelia from the neck of the bladtler. Mention should here Idc made of 
the fact that the epithelia from the neck of the bladder arc usually larger 
than those found in the other portions of the bladder, and may even at- 
tain the size of vaginal epithelia. These large epithelia arc, however, 
never numerous, are seen only T\ith the other features, and are not studded 
with bacteria, as is almost invariably the case in the epithelia from the 
upper layers of the vagina- 

Hypertrophy of th: prostute gland may give characteristic features in 
the urine, even before the clinical symptoms are sufficiently pronounced 
to lead to a suspicion of the affection (Fig. 127). In all these case? the 
features of a chronic prostatitis are found, usually with a small or moder- 
ate number of pus-corpuscles only, but ifvith small connective-tissue 
shreils, which in many cases are scanty. If the latter are seen with all the 
evidences of a chronic prostatitis, especially when the age of the patient 
is abo^^e forty or forty-five years, the diagnosis of Ivy pert rophy can be 
made. When the hj^iertrophy becomes more pronouneedt endogenous 
new-formations will be seen in the larger numljcrs of epithelia from the 
middle layers of the bladder^ as w^ell as in those from the m^thra and even 
in a number from the prostate gland and ducts. In these cases prostatic 
concretions, previou,sly described, are itot rarel^^ found. 

Tuberculosis- ^Tuberculosis of the prostate gland ^s probably never 

present alone ^vithout an involvement of the neighboring orgajis, and is a 

comparatively rare affection. It will ahvays give the symptoms of a pros- 

* tatitis or an abscess of the prostate gland with a considerably impaired 

constitution, us shown by the pale, finely granular pus-corpuscles. When 
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it is suspecteil, repeated examinations for tubercle bacilli must be 
made. 

Timiors. — Tumors of the prostate glam! are not of rare occurrence, 
and both sarcoma and cancer are met with, and can be diagnosed from 
the urine. In sarcoma, the characteristic smalJ, ghstening bodies pre\i- 
ously described, with large connective- tissue slireds, and the evidences of 
a chronic prostatitis are seen; while in cancer the com lective^t issue shre«:is 
and cpithelia, described in cancer of the bladder, may be found in the 
urine. The clinical symptoms must of necessity help the microscopieal 
examination in many of these cases* In some cases neither sarcoma cor- 
puscles nor cancer epithelia can !>e foimd, but all the evidences of a pro- 
nounced hyjiertrophy of the prostate are seen in urine, together with 
large cormective-t issue shreds, which of themselves are sufficient cause of 
suspicion of the presence of a tumor. 



SPERMATORRHOSA, 

Si>ennatorrhcEa, which in 3'oung men is by no means rare, and con- 
sists in an occasional involuntary^ flow of semen, especially at the end of 
defecation, or even upon urination^ cannot infrequently be diagnoeed 
from the iu*ine. 

When a urine is to be examined to prove the presence of a spermator- 
rhcea, it is best to take either the first urine voitled in the morning or the 
last quantity voided during defecation. In such a urine the elements of 
the sperma, with spermatozoa in large numbers, will be found. In almcMt 
all these cases a prostatitis of var^dng degrees of intensity will exist and 
give the features under the microscope. 

Whenever a prostatitis is found in young men in whom no other cause 
can be discovered, a suspicion of spermatorrhoea must arise, even %vhen 
no spermatozoa are seen in the urine first examined. Repeated examiiiar 
tions will invariably show these, and render the diagnosis positive. The 
clinical symptoms of a chronic prostatitis — that is, an occasional discharge 
of a clear, viscid fluid, especially in younger men — ma}' not infrequently 
lead to the mistaken diagnosis of spermatorrhcEa, which disease must 
never be diagnosed without the evidence of a discharge of sperma. 

Besides the prostatic epithelia, those from the seminal vesicles and 
ejaculatorj' ducts may also be seen in the lurine. Mucus is alwaj's present 
in these cases in large amount, and mucus-casts or cylindroids may be 
abundant. Care must be taken not to mistake these for true hyaline 
easts from the luiniferous tubules of the kidney, which they sometimes 
resemble to a marked degree; sharp focusing will alwa>*s bring out tiie 
pale fibres of mucus, thus proving that they are not hyaline caste* 
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Seminal vesiculitis, or spennatoeystitis^ has remved considerable at^ 
tention of late years by many authors, %vho all agree that the affection is 
of much more common occurrence than has been supposed. Al though 
frequently of gonorrhceaJ origin^ this is not the exclusive cause of the dis- 
ease, and Fuller claims that in about one* third of the case© it is tubercular 
in character. It may also be catarrhal in origin^ though most authors be- 
lieve that the non-gonorrhceal cases are rare* 

Clinical Symptoms.— The symptoms of a spermatocystitis are not al- 
ways well pronounced, antl, therefore, may escape detection for years. 
Disturbances of the sexual functions are most constant, though they vary 
in different cases. In many there is a market] increase of sexual desire, 
but no relief is afforded by the coitus* This is, howeverj not present in 
every case, and in some there is a diminution or even absence of the de- 
sire. Pain may be present in the perineum and upon urination, and there 
may even be tenesmus. In many cases an intermittent or even constant 
discharge from the urethra, which is sometimes quite profuse, is present, 
and some patients will complain of bloody emissions. 

It will be seen thati^neither one of these s>"mptoms is at all character- 
istic, and rectal examination must be resorted to. This is sometimes suc- 
c^sful, but in many cases is not; when the seminal vesicles can be reached, 
they will be found distended and tender to the touch. A positive diagno- 
sis can be reached only by a microscopical examination, and the seminal 
fluid will, in all these cases, contain pus-corpuscles, and usually, especially 
in acute cases, red blood-corpuscles. 

Features Found in Urin^,- The microscopicid examination of the 
urine vnW often clear up the case. When the early morning urine^ espe- 
eiatly the part first voided, or the last urine passed at defecation, is exam- 
inetl, spermatozoa are often found. The features seen in the first morning 
urine in a case of chronic seminal vesiculitis are illustrated in Fig. 128. 

Spermatozoa are here found in large numbers. Some of them have 
the normal apx)earance, but others appear changed. The change tak^ 
place in the head of the spermatozoon, which becomes larger, round, and 
granular, and finally may resemble a pus-corpuscie, so that we seem to 
see pus-corpuscles with tails in such a urine. This change is characteristic 
of the disease, and is frequently seen, though not always in a pronoimced 
degree. The originally oval heatl first becomes rounded and then some- 
what enlarged and granular. In milder cases no further enlargement 
takes place, while in the more intense cas^ a number assume the size of 
pus-corpuscles, being either coarsely or finely granular. Such a diagnosis 
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of changed spermatozoa should be made only when they sue distmci and 
unbroken, their heads and tails being intact. Broken and distorted heads 
of si^ermatozoa, also seen in chronic seminal vesiculitis, are useless for a 
dia^osis, since they may become broken in urine under normal condi- 
tions, 

, Besides the spermatozoa, pus-corpuscles are alwaj^ found in such a 
urinei and may be either scanty or numerous, according to the decree of 
inflammation* Since suppuration not infreciuently occurs in the seminal 
vehicle ^ piis*corpuselcs ma}* be very numerous* Refl blood-corpu&cles are 
almost alwaj'B present, though their number also varies considerably, 
being abiuidant in the more pronounced and scanty in the milder or the 
chronic cases. 

EpithelJa from the seminal vesicles and ejaculatorj' du<*ts can alwa^-s 
be found. The former are smallj irregular, non-ciliatetl; the latter are 
originally columnar ciliated epithelia, in some of which the cilia will be 
seen, while in others they are broken oflf. When they are broken, delicate 
parallel rods In the interior of the epithelia, near their basal surfaces, may 
indicate that the epithelia were originally ciliated. 

In all cases examinefl, epithelia from tlie prostate gland were present, 
showing that the prostate gland was also inflamed. The numbers of pros- 
tatic ei>ithel!a will, however, ^ary coasiderabl)'. though they are usually 
fairly ahnndant, both the cuboid al and columnar epithelia being seen. In 
the more chronic cases fat-globules are fouml, both in the epithelia and 
lying free. Mucus is always greatly increased in these cases, and c^'lin- 
droids or mucus-casts may \ye numerous : the mucus-threads sometimes 
assume large sizes. When suppuration exists, connective-tissue shrecls 
are always present. Epithelia from the urethra and the bladder may 
accompany the other features. 

HEMORiiUAiiE FBOM THE Seminal Vebickes, — Hemorrhages from the 
seminal vesicles are not rare, and may be due to trauniatism of any kind, 
as well as to tuberculosis and gonorrhoea. Such a hemorrhage may be 
primarily caused by excesses in venery, as in the case depicted in Fig. 129> 
in which it immediately followed excessive sexual indulgence in a previ- 
ously strong, healthy man, continued for some time, and was followed by 
an inflammation of the vesicles and prostate gland. 

When this iirine was examined under the microscope, all the evidences 
of an active hemorrhage weje present: red blood-corpuscle, partly cre- 
nated and partly lying edgewise, being abundant, and small beniato- 
blasts also being foimd in moderate numbers; besides these, strings of 
fibrin were seen in different fields. Small, irregidar, columnar epithelia 
from the seminal vesicles, some of which contained pigment granules, 
were present iu small to moderate numbers, and a few longer* slender^ 
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Fig. 12S. — CnRorac Sperm atoct»titib, on Semikal VcBtctJi-ins (X 500), 

/?S, Red blood-norpuscle; Pd, pus-€orpiiscl»! l NS, oornial 8|;jermatozofi ; ESt sperniit- 
toxoa with enl^rgeft and i;ranul&r hejid^; SV ^ ppithelm from tht* spmiiml vesicles; ED* 
epithetium from tlic eJBculatory ducta; PE, cpithelin from tJic prostate gland; PD, epi- 
theiiA from the ducta of lb© proatat* glaijdi MT^ mucuB-thr«ad; A/C» mucus-cast; FG, 
free fftt-globules. 




Flo* 130.— HSMORRHAQX FROM SeMITVAL VeBICLE^. WITH AcUTE PROSTATITIS 

C X 500). 

RBt lied blood-corpuwdesa ; Hf Hti^jnAtoblauU; WC» white blood^cirpuBcles ; PC, pwt- 

<.'oppu»cl*»a : SV\ rpitheliii from the seminal vest do; ED, cpitboUn from the ejaculatory 
duets; PH^ Hpitht'lia from tl>e prci«tAt4> gUinii; PD, epitlit'luini Fmm thf? clu**t& tif the 
prcMtate giund; F, atringa of fibria; C7^ coimective^tiaaiJc shred; MTt mucu»-t bread. 
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partly ciliated epithelia from the ejaculatory ducts were also found. Be- 
sides these features, the specimen contained pus-corpuscles, connective- 
tissue shreds, mucus-threads, and cuboidal and columnar epithelia from 
the prostate gland and its ducts, showing a prostatitis. 

In an active hemorrhage of this kind, white blood-corpuscles or leuco- 
cytea are invariably present. These cannot be differentiated from pus- 
corpuscles, and, as long as they are seen in small numbers only, the pres- 
ence of the latter must not be diagnosed. As soon as these corpuscles are 
found in moderate numbers, some are undoubtedly pus-corpuscles, and 
the existence of an inflammation besides the hemorrhage then becomes 
plain. 

VAGINITIS. 

Inflanmiations of the vagina, especially mild chronic cases, are of 
common occurrence and have little significance, the only symptom being 
a slight discharge; few women who have borne children are entirely free 
from this affection. The severer cases may be due to many causes, such 
as exposure to cold, gonorrhoeal infection, or injuries of any kind, or may 
be secondary to an inflammation of the uterus. 

Features Found in Urine, — It is rare that in the urine of a female vag- 
inal epithelia are not found in greater or less amount. Epithelia from 
the upper layers are shed in a small amount in perfect health, and have 
no significance; such epithelia may be seen even in small children. So 
long as the flat epithelia from the upper layers are present alone in small 
numbers, without cuboidal epithelia from the middle layers and without 
pus-corpuscles, the diagnosis of a vaginitis cannot be made. As soon, 
however, as large cuboidal epithelia are also present, a pathological proc- 
ess of some kind exists in the vagina. 

Catarrhal Vaginitis. — The common forms of vaginitis seen in the 
urine are the mild chronic cases, and the features found are shown in Fig. 
130. 

Pus-corpuscles are always present, but usually in small numbers only. 
Epithelia from the upper and middle layers of the vagina are quite nu- 
merous. These epithelia are considerably larger than those from the blad- 
der, the upper layers being flat, the middle cuboidal. Epithelia from the 
upper layers are frequently studded with bacilli and cocci, and often con- 
tain variously sized extraneous fat^globules. They may be found in 
groups, which may fill the greater part of the field. Cuboidal epithelia 
from the middle layers, which in urine usually appear round or oval, 
though they vary in size sometimes to a great degree, are always larger 
than those from the bladder, and may also be found in groups. Colum- 
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nar epithelia from the deepest layer are not seen in these milder cases, 

but only in severe inflamniations or ulcerations. 

Besides these epithelia, small cuboiilal epithelia. twice the size of pus- 
eorpuscles and exactly siniilar to those from the prostate glaiid in the 
male, are usually present; these are the epithelia from the Bartholiman 
gland and tlcnote a sliglit Bartholinitis* 

rits-corpuscles, as well its the different epithelia, contain small fat- 
globules in varying numbers in all chronic cases. Free fat-globules may 
also bo seen. In most, if not in all cases of vagitiitls, micro-organi*snii^, 
both cocci and bacilli, are found, and are, as a rule, quite abumlaiit. 
Their i>resence has no significance, a^ it is well known that micro-organ- 
isms always exist in the vagina, the mare pronounced if an inflammation 
has developed. The characteristics here described are usually seen in 
urin^ examine*! for other reasons ancl containing other features. 

In acute vaginitis rctl blood-corpuscles as well as pus-corpuscles will 
be abundant, and vaginal epithelia from the different layers quite numer- 
ous. In simple catarrhal vaginitis the flat and cuboidal epithelia are usu- 
ally present alone, w^hile in vaginitis due to gonorrhoea, and e®i:)ecially in 
ulcerative vaginitis, columnar epithelia from the deepest laj^er are also 
found, and connective-tissue shreds arc jireBcnt in varying amount* 

Ulcerative Vaginitis *— The features of ulcerative vaginitis, as seen 
in urine, are shown in Fig. 13 L Flat epithelia from the upper layenF, 
cuboidal epithelia from the middle layers, and columnar epithelia from 
the deep^t layer of the vagina are here seen in moilerat-e numbers, w hile 
pus-corpuscles and red blood-corpuscles are fairly numerous. Connec- 
tive-tissue shreds of varying sizes are present, and some of these are sur- 
rounded by micro-organisms in tlie form of zooglopa-masses. Mucus- 
strings and cylindroids!, the latter at times difficult of differentiation from 
hyaline casts, are also seen» while tlifferent micro-organisms, both micro- 
cocci and bacilli, are scattered throughout the specimen. Epithelia from 
the Bartholinian gland may be quite abundant. 

Besides catarrhal anil ulcerative vaginitis, traumatic vaginiH^ due to 
masturbation may be diagnosed from urine. Here pus-corpuscles are 
present in small numljers only, and red blood-corpuscles are not numcr- 
oils; but epithelia from all the layers of the vagina are abundant, the 
cuboidal from the middle layers and the columnar from the deei^est layer 
being w^ell marketh Epithelia from the Bartholinian gland are abo seen 
in moderate numbers. Epidermal scales^ showing cormgatetl edgc^. 
studded with fat^globules and dirt particles, and faintly granular, if at 
all, are seen in every fiekL These are derived from the clitoris and 
nymphse. Connective-tissue shreds are also seen, though they are not 
numerous. Micro-organisms and a few fat-globule complete the features. 
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Fig. 130. — Chuonic Cat^rbhal VAorNrns (X 600). 
PC, Pu»-ccrpu9<jlea containing f ol-globiUes ; UV, epitlielim from the upper Jsyens of tho 
vagina; MVf epithelia from the middle layens of the vagina^ eonlammg fat -globules; 
B6*j epithelia Irom the B&rtholliuan gland ^ FG, free fat-globules; B, bacilli; M, micr^ 
cocfcL 
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Fig* 131. — ULCERiTirE VAatNirtu (X SOO), 
RBi Red biood-corpuaoles ; PC* pua-corpusclea; UV^ epLthelia (torn the upper layers 
of the vagifia; MV^ i^pithelta from the middle layers o( Ihe vagina; DV^ epithclia rrom 
the deepest layer of the vagina; BGt eptthclia from the Bartholmian gland: CT, eon* 
isf^Ptive^tissue shred I ZC^ waoglcBfkr-uiasam ^urroundinf^ eonnective-tiasue shreds; MTt 
mucus^thread; MC, mactia^&at; Z, 2oog]<:?a-masa; M^ acatt^red micrococci; iSf, Strepto- 
ooccl pyogeties; Bf bacilli. 
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Whenever epithelia from the deepest layer and connective-tissue 
shreds are present, we have all the evidences of a destructive process. 
Continuous irritation or injury to the parts by masturbation is sufficient 
to produce these features in small numbers. If an iJcer exists, the pus- 
corpuscles and epithelia are more numerous ; and if traumatism results in 
hemorrhage, red blood-corpuscles are more abundant. The features here 
described may be found accidentally when a urine is examined for other 
pathological conditions, and when seen in that of young girls should al- 
ways lead to a suspicion of masturbation. The cause of a nervous irri- 
tability or neurasthenia is thus not rarely cleared up. 

CERVICITIS AND ENDOMETRITIS. 

Cervicitis and endometritis may also be diagnosed from the urine, 
when the different epithelia from the cervix and mucosa of the uterus are 
present. Epithelia from the cervix uteri are quite large and irregular, 
while those from the mucosa uteri are columnar ciliated. Both are shown 
in Fig. 122. The other features of such an inflammation are similar to 
those seen in any inflanmiation. In ulcerations or injuries shreds of 
connective tissue are found. In endometritis we occasionally see pus- 
corpuscles with cilia from the mucosa uteri, together with the ciliated 
epithelia 

Tumors from the uterus can be diagnosed from examination of the 
urine in rare oases only, when a small particle of the tumor is cast off and 
found in the urine. The features of the tumor are similar to those previ- 
ously described, and the character of the epitheUa will determine the seat 
of the tumor. 



CHAPTER XIX. 

DETERMINATION OF THE FUNCTIONAL EFFICIENCY OF 
THE KIDNEYS. 

With a view of determining the functional efficiency of one or of both 
kidneys, different methods have of late years been described, which may 
at times be valuable as aids to the chemical and microscopical examinar 
tion of urine, but which, in the present state of our knowledge, are not 
sufficiently accurate to be of considerable clinical value. The determina- 
tion of the function of one or of both kidneys is of importance not only 
for the diagnosis, but also for the prognosis of many cases, and the re- 
moval of one kidney should never be decided upon until the surgeon has 
satisfied himself that the second kidney is in a sufficiently healthy condi- 
tion to be able to perform the work of the other kidney. 

Undoubtedly the best method for the determination of this vitally 
important point is the one of obtaining the separate urines from the right 
and the left kidney by the ureteral catheter, or, if it is impossible to obtain 
the urine in this manner, by means of one of the segregators. Each urine, 
which should be collected simultaneously and for the same period of time, 
should then be carefully examined chemically and microscopically, and 
in the majority of cases the condition of each kidney can thus be ascer- 
tained. Not only will the character of the pathological process in one or 
both kidneys become plain, but to a great degree the extent of the lesion, 
as well as the constitution of the patient at the time of the examination, 
thus showing whether his organism is able to withstand the necessary 
surgical procedures. 

Of the special methods which are used for the determination of the 
renal function, cryoscopy, the methylene-blue test, the phloridzin test, 
and the toxicity test are the more important. 

Cryoscopy, the determination of the freezing-point of the urine and 
blood, is based upon the observations of Raoult that the freezing-point 
of a solution varies in proportion to the number of molecules it contains. 
The greater the number of molecules, the lower the freezing-point. The 
freezing-point of a solution is compared with that of distilled water, which 
freezes at O"" C; urine in health freezes at —0.9° C. to —2.6'' C; the 
freezing-point of blood is between — 0.56° and — 0.58° C. If there is a 
pathological process of the kidneys, interfering with their functional ac- 
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tivity, the freezin^-pornt of urine rises* becau^ the total number of mole- 
cules excreted is diminished ; the freeziiig-j)oiiit of blcx>d at the same time 
is corresjTOndiiigly lowered, since it possesses higher moletmlar concen- 
tration on account of the retention of excremeiititious ]}roducts. If one 
kidney only is diseased, while the other kidney performs its firof>er fune- 
tion, the freezing-|X)int of blood is not materially altered. If the latter Is 
much below — 0,60° or — 0.62° C, the removal of one kidney is claimed 
to be contraindicated, as the patient is likely to die from uraemia, al- 
though 8uccc?^ful oj>eratioiis have been reported upon jiersons whose 
blood froze below — 0.60^ V. 

The apparatus used for freezing-point determinations is Beckman's 
crj^oficope, although a number of motlifications have been descriJ>ed, It 
consists of a test tube for the urine or blood, into which the bulb of a very 
delicate thermometer, graduated to one-one-hundredth of a degree, dips. 
Outside of this is another test tube, containing alcohol or a solution of 
glycerin, which stands in a glass jar containing the freezing mixture- 
Two stirring rods are intended constantly to stir the freezing mixture and 
the liquid to be tested. WTien the fluid api)roachefi the freezing-point* 
the mercur)' begins to fall ; it then rises and fluctuates for a time, until it 
finally settles at a point below zero, which corresfwufLs to the freezing- 
|X)int of the lit|uid. Distilled water should be used first. 

Although cr>'oscopy may l>e of value in different cases for the diagno- 
sis of renal insufficiency, it cannot be considered entirely trust worthii\ aa 
there are at present many conflicting statements by different observers* 
At best, the method maj' be used as corroborative evidence when other 
methods are also employed, 

M ethylcne-bliie Ted. — Wlien methylene- blue is injectetl into the ti.s- 
sueSj it normally appears in the urine in from fifteen to thirt\' minutes, 
and continues to be eliminatctl for a number of hours. Five centigrams 
of methylene- blue are tu^d for the injection into the gluteal muscles, and 
the substance appears in the urine partly in its original form, coloring 
the urine ^reen or bkush^green, partly in the form of a colorless chromo- 
gen, which is converted into tlie pigment l>y heating the urine with acetic 
acid* If the kidneys are diseased » the excretion of the methylene-bhie is 
delayed, sometimes for two hours or longer. This test is by no means 
exact, aj^ small amounts of healthy kidney substance, which may exist in 
even extensively diseased organs, may suffice for a prompt appearance of 
the coloring matter in the urine, 

Phhridzin Test. — After the injection of 1 to 5 cgm. of phloridxin 
subcutaneously, sugar will apjiear in the urine in fifteen to thirty min- 
utes in healthy persons^ and continue for two to three hours. When the 
kidneys are diseased, the excretion of augar is diminished or does not take 
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place at all. As some observers state that the excretion is never uni- 
form, even in health, the test is of no practical value. 

Toxicity Test. — In health, urine is poisonous when injected into ani- 
mals, such as rabbits; but this toxicity varies even under normal condi- 
tions. In pathological conditions the toxic power of the urine may be 
diminished or increased. In different fevers it is usually increased, while 
in nephritis it is diminished, and the urine is claimed to be non-poisonous 
when the renal lesion is extensive. The practical results obtained by this 
method are extremely small. 

Electric Conductivity, — Another method which has been employed, 
is the estimation of the electric conductivity of the urine. This method 
is based upon the fact that the power of a solution to conduct a current 
varies with its molecular concentration; it is, however, of very slight 
practical value. 
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APPENDIX. 

When many urine examinations are made, it is a good plan to have a 
printed blank for such examinations, which, or a copy of which, is filed 
iway for future reference. As in the great majority of cases only the 
nore important chemical tests are necessary, these alone should be in- 
corporated in the blank, leaving space for any special examination to be 
made in certain cases. The following blank can be used for all purposes: 

Report on Examination op Urine. 

Marked 

From Dr 

Received 

Examined 



Physical and Chemical Examination, 

Passed 

Total in twenty-four hours 

Reaction 

Color 

Odor 

Sediment 

Specific gravity 

Urea 

Urates 

Phosphates 

Sulphates 

Chlorides 

Carbonates. . 

Albumin 

Sugar 

Acetone 

Diacetic acid. 

Bile 

Indican 

Blood 

Other chemical elements 

Total solids 



Microscopical Examination. 
Crystalline and amorphous sediments 



Red blood-corpuscles 

Pus-corpuscles 
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Epithelia : 

Convoluted tubules of kidney 

Straight collecting tubules of kidney 

Pelvis of kidney 

Ureter 

Bladder 

Urethra 

Prostate 

Seminal vesicles 

Vagina 

Other epithelia. . .* 

Tube casts 

Pseudo-casts 

Connective-tissue shreds 

Mucus 

Micro-organisms 

Spermatozoa 

Other features 

Diagnosis 

Constitution 

Remarks 

In filling out the blank the numbers of the different microscopical ele- 
ments should be stated, and the following terms may be used: 

None. 

Very few. 

Few. 

Few to moderate. 

Moderate. 

Fairly numerous. 

Numerous. 

Very numerous. 

Whenever albumin and sugar are present, the approximate percentage 
amounts should, if possible, be stated. When this cannot be done, the 
following terms may be used: 

Faint trace. 

Trace. 

Small amount. 

Moderate amount. 

Large amount. 

Very large amount. 

These terms may also be employed to determine the amounts of bile, 
indiean, and other chemical elements. 
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Abbe condenser, 67 
Abscess of kidney, 218 
Abscess of pelvis of kidney, 222 
Abscess of prostate gland, 278 
Accidental albuminuria, 86 
Acetic acid test for albumin, 86 
Ace to-acetic acid, 54 
Acetone, 53 

Acid sediment in fermentation, 89 
Acid sediments, 69 
Acid sodium phosphate, 18 
Actinomyces, 159 
Actinomycosis, 159 
Acute abscess of kidney 221 
Acute catarrhal cystitis, 250 
Acute catarrhal nephritis, 193 
Acute croupous exacerbations, 217 
Acute croupous hemorrhagic nephri- 
tis, 205 
Acute croupous nephritis, 202 
Acute interstitial nephritis, 198 
Acute parenchymatous nephritis, 202 
Acute prostatitis, 277 
Acute suppurative nephritis, 221 
Acute suppurative prostatitis, 278 
Acute suppurative pyelitis, 222 
Acute ulcerative cystitis, 257 
Acute urethritis, 275 
Acute vaginitis, 294 
Adenin, 26 
Aerometer, 17 

Afferent vessels of glomerulus, 5 
Air-bubbles, 173 
Albumin, 35 
Albuminometer, 40 
Albuminous substances, 85 
Albuminuria, 85 
Albuminuria, functional, 86 
Albumose, 42 
Alimentary glycosuria. 46 
Alkaline change of acid urine, 90 
Alkaline sediments, 69, 83 



Alkali phosphates, 30 

Alloxan, 25 

Alloxuric bases, 25 

Almcn's guaiacum test for hsemoglobin, 
58 

Amidopurin, 26 

Ammonio-magnesian phosphates, 83 

Ammonium purpurate, 25 

Ammonium urate, 88 

Ammonium urate ia statu nascenti, 76 

Amoeboid changes of pus corpuscles, 
101 

Amorphous sediments, 69 

Amorphous simple phosphates, 86 

Amount of solids, 19 

Amount of uriiie, normal, 14 

Amount of urine, ])athological, 17 

Amphoteric reaction, 13 

Amyloid corpuscles of prostate gland, 
115 

Amyloid degeneration of kidney, 186, 
211 

Amyloid disease of kidney, 211 

Anatomical structure of kidney, 182 

Aniline color, 152 

Aniline water, 153, 156 

Aniline water fuchsiu solution, 156 

Aniline water gentian violet solution, 
153 

Animal inoculations, 158 

Animal parasites, 160 

Anomalies of secretion, 229 

Antiseptic substances, use of, 66 

Anuria, 17 

Appearance of urine in cystitis, 250 

Appearance of urine in malignant tu- 
mors of kidney, 243 

Appendix, 305 

Arched tubule, 2 

Aromatic sulphates, 31 

Arterial arches, 5 

Ascaris lumbricoides, 164 



807 



^^^m ^^^f 


^^^^^^H 


'^^^^^ As£ft1c fluid, 155 


Cancer cf bladder, 20S ^^^^^^| 


^^^Hh AapergilU, 148 


Cancer of kiilney, 247 ^^^^B 


^^^^^H Ati-Dpby of kidney. 131, ^13 


Capf^iile of Bowman, 1 ^^H 




Ciirbamic acid, 15 ^^H 


^^^^^^^ BadlluB BUblilis, 151 


Carbamide, 20 ^^H 


^^^^^^B Btieilhis UTtw, WO 


Carbobydrates, 46 ^^H 


^^^^^H Biietciift, dr^'i^loproent of. in tirlne 


, 16 Curbnlic acid fnclisin BoluHon, 157 ^^^| 


^^^^^^H BacU-rial caBts, 14S 


Carbonates, RS ^^H 


^^^^^H Bao iutni in c^>l i eommt i ii ls 1 50 


Carnin. 25 ^^^| 


^^^^^^H Bac'U'niini tt-nno, l''>f} 


Ca^ts. See also Tubular casta, ^^H 


^^^^^^H Bacterium urOiT, 150 


Caste, bacterial, 146 ^^M 


^^^^^H BaetiTiiiria, 147 


C&atB, cholesterin, 146 ^H 


^^^^^H B^rtJioliiimu gland epitbdta, ISO 


Caata, coloring- of, 186 ^^^ 


^^^^H Basklk. 


C&Btfi, false, 144 ^H 


^^^^^H Bee k man 'a cry oseope« 303 


OaBti, fat, 146 ^^M 


^^^^^H BeDce-JoDC!f a)buuu>m% 4^ 


Caata, ^briu, 146 ^H 


^^^^^^^B DeUi-o.\jbiityn42 add, 54 


Oaita from ieminai tubulea, 14S ^^H 


^^^^^B 


Oaata, bamogtobin, 1B7 ^^H 


^^^^^^H Bile pigmentB, G^ 


C&Bts in acute nephritis. 13S ^^H 


^^^^^B BHli£ir7Ja luvmatobia, 16$ 


Caats in chronic nepbntia. 13S ^^H 


^^^H Bilirubin. 


Casts in subacute nephritia, 184 ^^H 


^^^^^H Biuret reaction far fllbumin, ^ 


Casts, pigmc-nt, 146 ^^H 


^^^^^H Bladder, eaorer of, 2&Q 


Casta, prognostic value of, 134 ^^M 


^^^^H Bladder, dii^mses of, 243 


Casts, pseudo-t 144 ^H 


^^^^^1 Bladder epltlielia, 107 


Casts, pus, 146 ^^t 


^^^^^B Bladder, inllammatioDB of. 248 


Casts, s!/es of, 1S4 ^^^| 


^^^^^H Bladder. pupiLUnrm of. Mi 


Casts, sodium tirale, 144 ^^H 


^^^^^H Bladder, paraaiteB in, S73 


Casts, urate, 144 ^^M 


^^^^^H Bladder, eareoma of, 26S 


Catarrhal cystitis, 250 ^^M 


^^^^^H Bladder, til mora of, SG4 


Catarrlial cystitis, acute, 260 ^^H 


^^^^^^^H Blank for unne exambiatlon, 305 


Catarrhal cystitis, chronic, 354 ^^M 


^^^^^H Blood cants, 137 


Catarrbnl iiephrftis, 188 ^^M 


^^^^H Blood-eloti, m 


Catarrlmi nephritis, acut«, 193 ^^H 


^^^^^^H Bloodcnrpusoles, 97 


Catarrhal nephritis, chronic, 193 ^^^ 


^^^^^H Biood-s^runv agur, 1G5 


Catarrhal nephritis, pathological 1 


^^^^^^ Bc^ tiger's teat for aiigar, 4B 


changes in, 184 ■ 


^^^^m Bowman, capsulG of, 1 


Catarrhal pyelitis, 197 M 


^^^H Bowman, views of, 6 


Catarrhal vagirdtis. 293 ^^H 


^^^H Brick duHt sediment, 17, 7t 


Causes of am implies of secfetir»ii, i9i ^^H 


^^H Bright' A d1Bea8c^ 181 


Causes r7 catarrlial nepbritfs, 188 ^^^| 


H^V Budding of yeast fungi, 149 


Causes of chyluHa, 239 ^^M 




Causes of congestion of kidney, 187 1 


■ Cttkiutn carbonate, 90 


Causes of crou|3i>us nephritis, 198 ^^^| 


Calcium carbcmftty concretions, 96 


Causes of cy«;titis, 248 ^^H 


Cakiuni oxalati?, 76 


Causes of hjcmoglf^biuurla, 284 ^^W 


Cuk'inm oxulate concreliouB, 05 


Causes of hypenemia oi kidney, 187 1 


Caleiuin plioapbatc^. ^6 


Catiaes of prostatitis, 276 1 


Cal ekuu 8 u 1 pha le , 83 


Causes of sup puralive nephritis, 218 M 


Calculi, 95 


Cellulose, 171 ^H 


Calyx of kklD^y, % 


Centrifugal analysis, 33 ^^M 
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Centrifugal method for albumin, 41 

Centrifuge, use of. 64 

Cercomouas uriuarius, 165 

Cervical epiibelia, 120 

Cervicitis, 299 

Changes in urine upon standing, 16, 64 

Chemical examination, 18 

Chemical sediments, 69 

Chloride of ammonium, 29 

Chloride of potassium, 29 

Chloride of sodium, 29 

Chlorides, 28 

Chlorophyl globules, 176 

Cholesterin, 92 

Cholesterin casts, 146 

Chromic acid for preservation of sedi- 
ment, 66 

Chromogens, 27 

Chronic catarrhal cystitis, 254 

Chronic catarrhal nephritis, 198 

Chronic croupous nephritis, 206 

Chronic croupous nephritis with acute 
croupous exacerbation, 217 

Chronic interstitial nephritis, 193 

Chronic parenchymatous nephritis, 206 

Chronic prostatitis, 278 

Chronic suppurative nephritis, 221 

Chronic ulcerative cystitis, 268 

Chronic urethritis, 275 

Chronic vaginitis, 293 

Chyluria, 58, 91, 168, 289 

Ciliated epithelia from ejaculatory 
ducts, 115 

Ciliated epithelia from mucosa uteri, 
121 

Ciliated pus-corpuscles, 102 

Cirrhosis of kidney, 181, 197 

Classification of nephritis, 181 

Clay water sediment, 17, 75 

Clinical symptoms of anomalies of 
secretion, 229 

Clinical symptoms of catarrhal ne- 
phritis, 189 

CHnical symptoms of croupous ne- 
phritis. 201 

Clinical symptoms of cystitis, 249 

Clinical symptoms of interstitial ne- 
phritis, 189 

Clinical symptoms of malignant tumors 
of kidney, 243 



Clinical symptoms of parenchymatous 
nephritis. 201 

Clinical symptoms of prostatitis, 276 

Clinical symptoms of spermatocystitis, 
287 

Clinical symptoms of suppurative ne- 
phritis, 201 

Clinical symptoms of tumors of bhidder, 
264 

Clinical symptoms of tumors of kidney, 
243 

Coefficient of Ilaeser, 19 

Colloid corpuscles of prostate gland, 
115 

Color of urine, normal, 18 

Color of urine, pathological, 16 

Coloring matter of blood, 67 

Coloring matters of urine, 15, 56 

Coloring of casts, 186 

Coloring of specimens, 151 

Columnar epithelia, 105 

Comparative sizes of pus-corpuscles 
and epithelia. 111 

Complete triple phosphates, 84 

Concentrated alcoholic fuchsin solution, 
152 

Concretions, 95 

Concretions, prostatic, 115 

Concretions, spermatic, 116 

Congestion of kidney, 187 

Conidia, 147 

Conjugate sulphates, 81 

Connective tissue, 126 

Connective tissue in atrophy of kidney, 
131 

Connective tissue in cancer, 180 

Connective tissue in cirrhosis of kidney, 
131 

Connective tissue in hemorrhage, 128 

Connective tissue in hypertrophy of 
prostate gland, 130 

Connective tissue in intense inflamma- 
tion, 181 

Connective tissue in masturbation, 128 

Connective tissue in papilloma, 129 

Connective tissue in sarcoma, 130 

Connective tissue in stricture of ure- 
thra, 180 

Connective tissue in suppuration, 127 

Connective tissue in traumatism, 128 
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^^^^ Connective tissue in tumors, 109 


Detection of peptones, 44 ^^^^^H 


^^^H CoQiiectiTe tmue la ulei^ratioii, 121 


Detection of pbosphateK, 81 ^^^^^^| 


^^^H (JODsisteDcy, narmat, of urine, 14 


Detection of &ugar, 47 ^^H 


^^^H Constitueuta of normal urlufip 15, 20 


Detection of sulphates, 32 ^^H 


^^^H Constitution, 102 


DctecaioQ of tubercle Imcilli, 151 ^^M 


^^^^H Convoluted tubules, epitLclia from, tlO 


Detection of uric acid, 25 ^^^| 


^^H Cork, 173 


Detectiou of urobilin, 28 ^^M 


^^H Corn-starcli. 170 


Determination of frceseinicpoint, SOI ■ 


^^^B Corlira) subs tan ee of kidney, 4 


Dctt^rm illation of fuuctiimal cJticiency 1 


^^H Cot Lou lib res, 16G 


of kitlncy, 301 ' 1 


^^1 Cn^atini^^ 2B. 71) 


DetenninatJon of reacticm, IB ^^fl 


^^H CresoU 27 


Determination of ^>lids, 19 ^^H 


^^^H Croupous ncpbHlis, 108 


Development of microorgauisins, 64 ^^H 


^^^H C*roupc)UE^ nephritic, pathohiglcal 


Dextrose 46 ^^H 


^^^H ftjunges in, 185 


Diat^etes mellUus, 40 ^^H 


^^H Cryosoopy, BIU 


Diabetic acetonuria. 53 ^^H 


^^^H Cry^italliue fK^dimeutd, 69 


Diacetic acid, 54 ^^H 


^^^H Uubmdul epitbelia, lOd 


Diagnosis of atrophy of kidney, ^10 ^^^| 


^^^H Cultlvutiou of gotiococ^ci, 15.1 


Diaguosis itf caneer o\' btadder, 2fiiH ^^^M 


^^^H Cuttiviitiou of tuljerclc baeilli 158 


DIa g n 1 m"^ f can ce r f k id ur-y , 24 7 ^^^| 


^^^H Culture niedui, 155 


Diagnosis of c^itarrlial cystitis, 258 ^^H 


^^^H Cylindriciil epithelln, 105 


Diagutisis of catarrhal nuphritis, 190 ^^^| 


^^B Cylindroids. 12.3 


Diai^uosisi of cervicitis, 2W ^^^M 


^^H Cy atlc deg€U fsnitioti o f kid my , 2VZ 


Diagnosis of eliyhLila, S39 ^^H 


^^H Cystin. m. n 


Diaguosis of cirrhosis of kidney^ 1D7 ^^^| 


^^^H Cj'stin eoiicretions, 96 


Diagniisis of cougestion of kidni^y, 187 ■ 


^^H CystitiM, S4S 


Diaguosis of croupous nephritic, 202 m^^M 


^^H Dyatitis, eatarrbal, 350 


Diagnosts of cudon^i^triUs, 299 l^^l 


^^H Cystitis, viiusts of, 248 


Diaguosis of tistula, 176 ^^^| 


^^^H Cyatiii^, cMnlcul ,^yniptoms of, 240 


Diagnosis of hirmoglobiuuriaf 234 ^^H 


^^^H Cystitis, Hiippurativt^. ^"18 


Diagnosis of liyperi^Mnla *if kidnoy. 187 ^^B 


^^H Cystitis, ulnrative, 257 


Diagnosis of interstitial nephritis, 190 ^^M 




Diagnosis of lithjeniia, 229 ^^^| 


^^^H Deeolorizini^ of specitnens, 156 


Diagnosis ttf nephritis. 190 ^^^| 


^^^H DesijUKmutlvi' nephritis, 188 


DingDosis of o\ahiria, 233 V 


^^^H Detection of ac etone, 55 


Diaguosis of inipillonia of bladder. 264 ■ 


^^^H De t tHrticm f a L b u mi d , 36 


Diagnosis of parasites in bladder, 272 H 


^^^^1 Det'Cetion of nlbutuoE^s, 43 


Diagnosis of pareucikyniatous nephriiis, 1 


^^^^1 I>iitfctioii of bile tnj^ment!^. i57 


2m 1 


^^^H Detection r>f eafVionate!^. M 


Diagnosis of pericystitis, 263 ^^^| 


^^B I>eteetiim uf elUoridt^K, 2if 


Diagnosis of prostatitis, 276 ^^H 


^f Deteet In n f d tact* I ie acid , 54 


D iagn oi^is of py i- 1 i i is, 1 98 ^^H 


W Detec^tion of tlliriu, 45 


Diagnosis of pyelo-nephritis, 193 ^^H 


Detfclion of globnJin, 43 


Diaguosis of renal tnhereulosis. 22^ ^^^^ 


Detection of gonococi'i, 151 


Diagnosis of sarccmia of h lad tier. 268 ^^H 


Detection of Inemoglobin, 56 


Diagnosis of sareonm of l^idiu^y, 244 ^^H 


Detection of indican, 55 


Diagnosis of st>ermatocystitis, 2^7 ^^^| 


Dettetioii of lactose, 51 


Diagnosis of spernmtorrlitea, 2S4 ^^^| 


Detect iou of Ir vulosuv 61 


Diagnosis of suppnrutivt* ey^tttJ?*. 258 ^^H 


Dctectiou of uiucin, 44 


Diaguosis of suppurative nephritis. 218 ^^M 
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Diagnosis of suppurative pyelitis. 222 
Diagnosis of ulcerative cystitis, 257 
Diagnosis of urethritis, 275 
Diagnosis of vaginitis, 298 
Diagram of kidney, 8 
Diazo reaction, 55 
Diffuse inflammation, 183 
Digested muscle fibres, 176 
Diseases of bladder, 248 
Diseases of kidney and pelvis, 181 
Diseases of sexual organs, 275 
Disodium pliosphate, 18 
Distal convoluted tubule, 2 
Distoma liscmatobium, 162 
Doremus' ureometer, 23 

Earthy phosphates, 80 

Echinococci, 161 

Efferent vessel of glomerulus, 6 

Ehrlich's diazo reaction, 55 

Einhorn's fermentation saccharomefer, 
50 

Ejaculatory duct epithelia, 115 

Electric conductivity test, 308 

Endogenous new-formations in epi- 
thelia, 109 

Endometritis, 299 

Entozoa. 160 

Epidermal scales, 106 

Epiguauiu, 25 ' 

Epithelia, 105 

Epithelia, changes of, in urine, 106 

Epithelia, columnar, 105 

Epithelia common to both sexes, 107 

Epithelia, cuboidal, 105 

Epitlitlia, cylindrical, 105 

Epithelia. flat. 105 

Epithelia from Bartholinian gland, 120 

Epithelia from bladder, 107 

Epithelia from cervix uteri, 120 

Epithelia from convoluted tubules of 
kidney, 110 

Epithelia from ejaculatory ducts, 115 

Epithelia from mucosa uteri, 121 

Epithelia from pelvis of kidney, 109 

Epithelia from prostate gland, 113 

Epithelia from seminal vesicles, 115 

Epithelia from straight collecting tub- 
ules of kidney, 112 

Epithelia from ureters, 110 



Epithelia from urethra, 113 
Epithelia from urine of female, 119 
Epithelia from urine of male, 118 
Epithelia from uriniferous tubules, 110 
Epithelia from vagina, 119 
Epithelia, horny, 106 
Epithelia in normal urine, 105 
Epithelia in posterior urethritis, 114 
Epithelia, simple, 105 
Epithelia, sizes of, 106 
Epithelia, squamous, 105 
Epithelia, stratified, 105 
Epithelial casts, 186 
Esbach's albuminometer, 40 
Estimation of albumin by centrifugal 

analysis, 41 
Estimation of chlorides by centrifugal 

analysis, 38 
Estimation of phosphates by centrifugal 

analysis, 33 
Estimation of sulphates by centrifugal 

analysis, 84 
Ethereal sulphates, 27, 81 
Extraneous matters, 166 
Exudate, nature of, in inflammation, 188 

Faeces, 176 

False casts, 144 

Fat, 91 

Fat-casts. 146 

Fat -globules, 91 

Fat-granules in epithelia, 109 

Fat-granwles in pus-corpuscles, 101 

Fatty casts, 140 

Fatty degeneration of kidney, 186, 206 

Fatty matters, 58 

Feather, 168 

Features found in urine in acute catar- 
rhal nephritis, 198 

Features found in urine in cancer of 
bladder, 271 

Features found in urine in catarrhal ne- 
phritis. 189 

Features found in urine in chronic ca- 
tarrhal nephritis, 194 

Features found in urine in chyluria, 240 

Features found in urine in cirrhosis of 
kidney, 197 

Features found in urine in croupous ne- 
phritis, 201 



■ 
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^H 


Features found in urine ja cyfitltfs, 250 


Fnnctional albuminuria, 36 ^^H 


^^H 


Fijitures found In urine in hietnagbbiii- 


Functional elltciency of kidjaey^ SOL ^^H 


^^H 


iiria. 2S4 


Fungi, 147 ^^M 


^^H 


Features fouod iii urine in hemorrUag<? 


^^^ 


i^^H 


from pelvis of kidney, 280 


Gaseous const! tu en ti of urine, 16 ^^H 


^^H 


Features found in urine in Interstitial 


General remarks, 8 ^^^| 


i^^H 


uepUritis. 169 


Gentian viokH solution^ 153 ^^^B 


^^H 


Feu tu res fouad in urine in lith^miat ^39 


Gerbardt's reaction for diacetic acid, M V 


^^H 


Feattir^B found in urine in papilloma of 


Gbof^tH, 98 ^^1 


^^^H 


bladder, 264 


Gleet-tbreada. 110 ^^M 


^^H 


Features found in urine in parenchyma- 


Globulin, 42 ^^M 


^^H 


tous ne|)liriti^, 201 


Glomeruli t.K 184 ^^M 


^^^H 


Features found in uHue in pericystitis. 


Gionieruln nephritis, 184 ^^^| 


^^H 


263 


Glomerubts of kidney, 1 ^^H 


^^H 


Features found in urine in prostatitis, 277 


Glucose, 46 ^^M 


^^V 


Features found in urine in renal tuber- 


Glyceropbo^pkonc acid, 15 ^^H 


^m 


culosis, 225 


Glycc^suria, 46 ^^| 


^^^m 


Features found in urine in sarcoma of 


Gmelln'^ test for bile pigments, 57 ^^H 


^^B 


bladder, 208 


QonocDocL, 153 ^^H 


^^H 


Features found in urine in sarcoma of 


Oonoeocfu, detection of^ 151 ^^^| 


^^B 


kidney, 244 


Gonorrbcea, acute. 152 ^^^| 


^^H 




Qonorrba'a. cb runic, 154 ^^H 


^^H 


titift. 387 


G ra in ' s sol u lion , 1 53 ^^H 


^^H 


FtHiiurea frumd m urine in iuppurative 


Granuhif casts, 187 ^^H 


^^H 


nephritis. 221 


Granular sediment, 17 ^^^| 


^^H 


Features found in urine in vBginUis, 2Q3 


Granulation of pui -corpuscles. lOS ^^H 


^^H 


Feliliotien's streptococcus, 155 


Gmpe i^ugar, 46 ^^H 


^^H 


Felilmga test for sugar, 48, 49 


Gravel, 95 ^^M 


^^H 


Feruieutation saccharorneter* 50 


Guanin. 26 ^^H 


^^H 


Fernjeutatinn testa for itugar, 50 


Gunning's test for acetone. 54 ^^H 


^^H 


Fermentative changes in urine, 00 


^^H 


^^H 


Fermenirt in urine, 15 


Hwmatoblasts, 98 ^^M 


^^H 


Ferrocyanide test for albumin, 39 


Ha'matoiilin, S3 ^^H 


^^H 


FibrltJ, 44, 08 


HeBmatoidin crystals in pus-corpiiadie%^^| 


^^H 


Fibrin casta. 146 


102 ■ 


^^^H 


Filaments in urine. 117 


ITtematoporpbyrtn, 15, 27 ^^J 


^^H 


Filnria sanguinis bominis, 163, 289 


Ibemnturia, 57, 99 ^^M 


^^H 


Fisjiiou- fungi, 150 


Hiemoglobin, 57 ^^^| 


^^H 


Fist Ida. diagnosis of ^ 176 


ibcmoglobin casts, 137 ^^H 


^^H 


Flaky st*iiiment, 17 


Ha'moglobtnuria, 57, 234 ^^^^ 


^^H 


Flat epitbelia, lOrj 


HaeHiCr'i} coelTicieut, 19 ^^^^ 


^^H 


Flaws* in glass, 173 


IIuiuch' test for St 3 gar, 48 ^^H 


^^H 


Fl<>eeuk'nt sediment, 17 


Hairs of [tluuts, 175 ^^H 


^^H 


Fluorin iu urine, 3B 


Hammarsten's table, 15 ^^H 


^^H 


Fruit-bearer !n mould fungi, 14B 


Hay bacillus, 151 ^H 


^F 


Fruit sugar, 51 


Hay em's liquid for preflcrvation, 67 1 


' 


Fueliain. alcobolic mi bit ion, 153 


HeUletiliain, experiments of, 6 ^^^t 




Fuelisiu, aniline- wat(ir solution. 156 


Fleintz's methoti for uric acid, S5 ^^H 




Futfhsin, mrbollc-acTd solution^ 157 


Heller's test for albutnin. 88 ^^H 


^ 


Fuchsia, watery solution, 152 


Heller's test for lutmoglobin, 58 ^^H 
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Hemorrhage from genito-urinary organs, 

100, 128 
Hemorrhage from kidney, 188 
Hemorrhage from pelvis of kidney, 280 
Hemorrhage from seminal vesicles, 288 
Hemp-seed calculi, 95 
Henle's loop, 2 
Hetero-albumose, 43 
Heteroxatliin, 25 
Hinds' modification of Doremus* ureo- 

meter, 23 
Ilippuric acid, 26, 81 
Histology of kidney, 1 
Histon, 35 

Hob-nail kidney, 197 
Horismascope, 39 
Human hairs, 167 
Hyaline casts, 134 
Hydrocele agar-agar, 155 
Hydrogen dioxide, 33 
Hydropic pus-corpuscles, 101 
Hypenemia of kidney, 187 
Hypertrophy of prostate gland, 130, 283 
Hypha?, 148 
Hyphomycetes, 147 
Hypobromite method for urea, 22 
Hypoxanthin, 26 

Incomplete triple phosphates, 85 

Indican, 55 

Indigo, 94 

Indigo concretions, 95 

Indol, 27 

Indoxyl, 27 

Indoxyl potassium sulphate, 55 

Inflammation, character of, 183 

Inflammation, diffuse, 183 

Inflammations of bladder, 248 

Inflammations of kidney, 181 

Inflammations of pelvis of kidney, 181, 

197 
Inflammatory corpuscles, 184 
Inorganic constituents. 15, 28 
Intercalated tubule, 2 
Interlobar arteries, 5 
Interlobular arteries, 5 
Interlobular veins, 6 
Interstitial nephritis, 188 
Interstitial nephritis, acute, 193 
Interstitial nephritis, chronic, 193 



Interstitial nephritis, pathological 

changes in, 184 
Introductory, 1 
Iron in urine, 33 
Irritation of kidney, 184 
Isomaltose, 52 

Jaffe's test for indican, 55 

Kidney, abscess of, 218 

Kidney, amyloid disease of, 211 

Kidney, anatomical structure of, 182 

Kidney, anomalies of secretion of, 229 

Kidney, atrophy of, 212 

Kidney, cancer of, 247 

Kidney, catarrhal inflammation of, 188 

Kidney, cirrhosis of, 197 

Kidney, cortical substance of, 4 

Kidney, croupous inflammation of, 198 

Kidney diseases, 181 

Kidney epithelia, 110 

Kidney, fatty degeneration of, 206 

Kidney, functional efficiency of, 301 

Kidney, histology of, 1 

Kidney inflammations, 181 

Kidney, interstitial inflammation of, 188 

Kidney, large white, 206 

Kidney, malignant tumors of, 243 

Kidne}', medullary substance of, 4 

Kidney, parenchymatous inflammation 

of, 198 
Kidney, sarcoma of, 243 
Kidney, secretory structure of, 6 
Kidney, suppurative inflammation of, 218 
Kidney, tuberculosis of, 225 
Kidney, vascular supply of, 5 
Kidney, waxy degeneration of, 211 
Kjeldahrs nitrogen metliod, 23 
Koch-Ehrlich-Weigert method of color- 

iug, 156 

Labyrinth, 3 

Lactic acid in urine, 15 

Lactose, 51 

Large white kidney, 186, 206 

Legal' s test for acetone, 53 

Lenses, 67 

Leptothrix threads, 151 

Leucin, 59, 82 

Ijcucorrhoea, 119 





^^1 Uukocjtes, 98, 100 


Microscopical features in acute ulceia- 


^^^1 Lcvulosc* 51 


tive cystitis. 259 


^^^H LieltcD*3 iodoform test for acetone* 58 


Microscopical features in chronic catar- 


^^^H Liiien tibrc's, !67 


rhal cystitis, 255 


^^H LipuTiu, 5!:^, ^2 


Micrnscopical feiitures in chronic cat&r- 


^^H LitlitvmuL, 74, 239 


rha i py el o - ne p b ri tis (Intcrsti tial ne piiri' 


^^^1 Lu'fflcr'» alkaliue metbyleoe blue solu- 


tts) and cystitis, 195 


^^H 


Microscopical features fn chronic c&tar- 


^^^H La?tt1er*3 bloo^l scrum, 15o 


rlml vaginitis, 295 


^^^1 LycupCKlitim, 170 


Mkroacopical features lu chronic croup- 




ous or parenchymatous nephritis with 


^^H Magaesiau fluid, 81 


fatty degeneration o! kidnuy, a* ^com- 


^^^H MugueBhiui pbu5phat4?, 91 


pany in g catarrhal pyelitis and cystitis. 


^^^B Magnifyhig powers, 67 


213 


^^^1 Xuliguaur tumors of kidiiej'; 243 


Micr<.iscopicaS features in chronic croup- 


^^^H MalpigkiaD corpuBclc» 1 


ous or parenchymatous nephritis with 


^^M Maltose, 52 


fatty an<i vpaxy degeneration of kid- 


^^^1 Margudc acid* 82 


ney, accoujtmnying catarrhal pyelitis, 


^^^1 Matt^rk pvccans, 75 


215 


^^^H Mf^dullary mys, S 


Hicroscopieal features in chronic croup- 


^^^M Medullary Hulmtaacc of kidueyi 4 


ous or parcncbyniatous nepbritis with 


^^H Melauiu, 58, 05 


fatly arid waxy degeneration of kid- 


^^^1 Met hy lent; blue sohitioa, 15i 


ney, and acute hemorrhagic croupous 


^^H Methykme blue U^st. 303 


exacerbation, catarrhal pyelitis, aud 


^^^H Mcth^'luioraipUiu, 15 


cystitis, 219 


^^H MetkylAanfbiD. 25 


Microscopical features in chronic proa- 


^^^1 Mk-rocneci gonorrlictfe, 152 


talitb. 281 


^^^1 Mlrrococcl iti endix'^irditiSp 155 


Microscopical featureB in chronic pros- 


^^^1 Bltcrocoeci in BepLlr processes, 155 


tatitis with hypertrophy of prostate 


^^^1 MicrcK^ocmi^ urc^i?, 150 


glaud, 2&5 


^^^H Mlcm^orguni8m«, 147 


Microscopjcal features in chronic sptr- 


^^^H MJcro-orgiitiiinia, ikui- pathogenic, 147 


matocystitis or seminal vesiculitis^ 


^^^H Mirra-urgaaisms, patbogenic^ 151 


289 


^^^B Micros(!upica1 features in acute abscess 


Microscopical featuri*s in chronic sup- 


^^^B of polviB of kidney or acute auppura* 


punUive nephritis with CAturrhAl pyc* 


^^H tive pycliUs, 237 


litis, 223 


^^^1 Micro»rnpieal features In acute absce^ 


Microscopical features in chronic ulcfm- 


^^^B of prostate gland, 279 


Uve cystitis. 201 


^^^H l[icro»copieuI features in acute catiir* 


Microscopical fi-aturea in chylnria, ca- 


^^H rbal cyf;iitiH. 251 


t^irrhal cystitis, 24 1 


^^^P Mic rus(^<ipical features to acute catarrhal 


Microscopical features in cirrhosis of 


^f pyelo-uepbrilis {interstitial nephritia) 


kidrioy with chronic catarrhal cystitiSt 


W atid cystitis, 191 


199 


Microscopical fcaturei in acute croup- 


Micrnscopicai features id htt^moglobin- 


ous or parenchymatous nophritia with 


uria, acute hemorrhagic croupous or 


entarrbal pyeMlisand cystitis, 208 


parencUyniatons* nephritis with imtar- 


MicrowHipical features in acute bemor- 


rbal pyelitis. 237 _ 


rbagle croupous or pareaebyniat<uis 


Microscopical features In bettiorrhftge ^^| 


nephritis ivith catarrhal pyelitis and 


from bladder, due to papilloma of ^^B 


cystitis, 207 


bladiler, 369 J 
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Microscopical features in hemorrhage 
from pelvis of kidney, due to uric acid 
calculus, 285 

Microscopical features in hemorrhage 
from seminal vesicles with acute pros- 
tatitis, 291 

Microscopical features in lithoemia with 
subacute catarrhal pyelitis and cysti- 
tis, 231 

Microscopical features in pericystitis due 
to parametritis, 265 

Microscopical features in sarcoma of kid- 
ney, chronic catarrhal pyelitis, and 
cystitis, 245 

Microscopical features in subacute croup- 
ous or parenchymatous nephritis, with 
catarrhal pyelitis and cystitis, 209 

Microscopal features in ulcerative vagin- 
itis, 297 

Microscopical features in villous cancer 
of bladder, 273 

Milk sugar, 51 

Mixed casts, 143 

Mohr's titration method for chlorides, 
29 

Mohr-Westphal balance, 18 

Monosodium phosphate, 13 

Moore -Heller test for sugar, 47 

Morbus Brightii, 181 

MOrner and SjOqvist's method for urea, 
23 

Mould -fungi, 147 

Mounting of sedimen';, (VG 

Mucin, 44 

Mucus. 123 

Mucus-casts, 128 

Mucus-corpuscles, 128 

Mucus-threads, 123 

Mulberry calculi. 95 

Murexide test for uric acid, 25 

Muscle tibres, 176 

Mycelia. 148 

Mephritis, acute catarrhal. 193 
Nephritis, acute croupous, 202 
Nephritis, acute hemorrhagic croupous, 

205 
Nephritis, acute parenchymatous, 202 
Nephritis, catjirrhal. 188 
Nephritis, chronic catarrhal, 198 



Nephritis, chronic croupous, 206 
Nephritis, chronic croupous, with acute 

exacerbation, 217 
Nephritis, chronic croupous, with fatty 

degeneration of kidney, 206 
Nephritis, chronic croupous, with waxy 

degeneration of kidney, 212 
Nephritis, classification of, 181 
Nephritis, croupous, 198 
Nephritis, cystic degeneration of, 212 
Nephritis, desquamative, 188 
Nephritis, interstitial, 188 
Nephritis, parenchymatous, 198 
Nephritis, pathological changes in, 184 
Nephritis, subacute catarrhal, 194 
Nephritis, subacute cn)upous, 206 
Nephritis, suppunitive, 218 
Nerves of kidney, 6 
Nitric acid test for albumin, 88 
Normal constituents of urine, 15 
Normal fa?ces, 176 
Normal urine, 13 
Nubecula, 16, 63 
Nuclei in pus-corpuscles, 101 
Nucleo-albumin, 44 
Nucleo-histon, 35 

Obermayer*8 test for indican, 55 

Odor of urine, 14 

Oidium lactis, 147 

Oil-globules. 173 

Oliguria, 17 

Organic constituents, 15, 20 

Oxalic acid, 15, 28 

Oxaluria, 78, 288 

Oxaluric acid, 15 

Oxyuris vermicularis, 165 

Papillary ducts, 1 

Papilloma of bladder, 264 

Parasites, animal, 160 

Parasites in bladder, 272 

Paraxanthin, 25 

Parenchymatous nephritis, 198 

Parenchymatous nephritis, pathological 
changes in, 185 

Pathological changes in atrophy of kid- 
ney, 186 

Pathological changes in catarrhal inflam 
mations, 184 
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Pathological changes in cirrhosis of kid- 
ney, 185 

Pathological changes in croupous in- 
flammations, 185 

Pathological changes in inflammations 
of kidney, 184 

Pathological changes in interstitial in- 
flammation, 184 

Pathological changes in parenchyma- 
tous inflammation, 185 

Pathological changes in suppurative in- 
flammation, 186 

Pathological urine, 16 

Pelvic epithelia, 109 

Penicillium glaucum, 148 

Peptone, 43 

Pericystitis. 263 

Perirenal abscess, 222 

Permanent microscopical specimens, 67 

Phenol, 27 

Phenylhydrazin test for sugar, 49 

Phloridzin test, 802 

Phosphates, 30 

Phosphates, siguiflcance of, 87 

Phosphates, simple, 86 

Phosphates, triple, 83 

Phosphatic concretions, 95 

Phosphaturia. 88 

Phosphoric acid, estimation of, 81 

Physical and chemical properties, 13 

Physiological glycosuria, 46 

Picric acid test for albumin, 89 

Pigment casts, 146 

Pigment granules in pus-corpuscles, 102 

Polyuria, 17 

Posterior urethritis, epithelia in, 114 

Potassium ferrocyanide test for albumin, 
38 

Potassium urate, 75 

Preservation of sediment, 66 

Preformed sulphates. 31 

Production of pus-corpuscles, 184 

Prostate gland, epithelia from, 113 

Prostate gland, hypertrophy of, 283 

Prostate gland, inflammation of, 276 

ProsiiiK? gland, tuberculosis of, 283 

Prostate gland, tumors of, 284 

Prostjxtic concretions, 115 

Prostatic epithelia, 113 

Prostatitis, 276 



Proteids, 35 

Proteoses, 42 

Protoalbumose, 43 

Proximal convoluted tubule, 2 

Pseudo -albuminuria, 36 

Pseudo-casts, 144 

Purin bodies, 25 

Pus-casts, 146 

Pus-corpuscles, 100 

Pus-corpuscles, derivation of, 100, 1081 

184 
Pyelitis calculosa, 288 
Pyelitis, catarrhal, 197 
Pyelitis, suppurative, 222 
Pyelo-nephritis, 198 
Pyknometer, 18 
Pyo-nephrosis, 218 
Pyrocatechin, 27 
Pyuria. 100 

Quantitative test for albumin, 40 
Quantitative test for sugar, 49 
Quantitative test for urea, 22 
Quantity of urine, normal, 14 
Quantity of urine, pathological, 17 

Reaction of urine, 18 

Red blood -corpuscles, 97 

Renal artery, 5 

Renal tuberculosis, 225 

Report on examination of urine. 305 

Results when urine is boiled, 37 

Rice-starch, 170 

Roberts' fermentation test for sugar. 50 

Rosenbach's test for bile pigments. 57 

Rust particles, 174 

Saccharometer, 50 
Saccharomycetes, 148 
SalU, 69 

Sarcinae urinse, 150 
Sarcoma of bladder, 268 
Sarcoma of kidney, 243 
Scales from moth. 169 
Schizomycetes, 150 
Schizomycetes, pathogenic, 161 
Scratches in cover glass, 173 
Secretion, anomalies of. 229 
Secretory structure of kidney, 6 
Sediment, brick-dust. 71 
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Sediment, clay water. 75 

Sediment, normal, 16, 63 

Sediment, pathological, 17, 64 

Sediment, preservation of, 66 

Sedimentation glass, 63 

Sedimentum lateritium, 75 

Selection of urine, 8 

Seminal tubules, casts from, 143 

Seminal vesicles, epithelia from, 115 

Seminal vesicles, hemorrhage from, 288 

Seminal vesicles, inflammation of, 287 

Seminal vesiculitis, 287 

Serum-albumin, 35 

Serum-globulin, 35 

Silicic acid, 33 

Silk fibres, 167 

Simple epithelial lining, 105 

Simple phosphates, 86 

SkaU)l, 27 

Skatoxyl, 27 

Sketching of features. 68 

Smegma, 119 

Smegma bacillus. 158 

Sodium urate, amorphous, 75 

Sodium urate casts, 144 

Sodium urate, ciiange of, 76 

Sodium urate, crystalline, 75 

Solids, determination of, 19 

Solids in urine, 15 

Solution, aniline water fuchsin,156 

Solution, carbolic-acid fuchsin, 157 

Solution, concentrated alcohol fuchsin, 

152 
Solution. Gram's, 153 
Solution, Loeffler's alkaline methylene 

blue. 152 
Solution, methylene blue, 152 
Solution, Vesuvin, 153 
Solution. Ziehl-Neelsen*s, 157 
Spaeth's sedimentation glass, 63 
Specific gi-avity, 14 
Specific gravity, determination of. 17 
Sperma, 116 
Spenna crystals, 116 
Spermatic concretions, 116 
Spermatocystitis, 289 
Spermatorrhoea, 284 
Spermatozoa, 116, 287 
Spiegler's test for albumin, 89 
Spiral fibres from air-vessels of plants, 175 



Sporangium, 148 

Spores. 147 

Sprouting of yeast fungi, 149 

Squamous epithelia, 105 

Staphylococci pyogenes, 150, 155 

Starch-globules, 170 

Star-shaped simple phosphates, 86 

Stellate simple phosphates, 86 

Sterigmata, 148 

Stones, 95 

Straight collecting tubule, 2 

Straight collecting tubules, epithelia 

from, 112 
Stratified epithelia, 105 
Streptococci pyogenes, 150, 155 
Streptococcus of Fehleisen, 155 
Stricture of urethra, 130, 276 
Strongylus gigas, 165 
Subacute catarrhal cystitis, 257 
Subacute catarrhal nephritis, 194 
Subacute croupous nephritis, 206 
Subnitrate of bismuth test for sugar, 49 
Succinic acid, 15 
Sugar, tests for, 47 
Sulphates, 31 

Sulpho-salicy lie acid test for albumin, 89 
Suppuration, 127 
Suppuration of ureter, 198 
Suppurative cystitis, 258 
Suppurative nephritis, 218 
Suppurative nephritis, pathological 

changes in, 186 
Suppurative prostatitis, 278 
Suppurative pyelitis, 222 
Surgical kidney, 218 

Test, electric conductivity, 303 
Test, methylene-blue, 802 
Test, phloridzin, 302 
Test, toxicity. 308 
Tests for acetone, 58 
Tests for albumin, 36 
Tests for albumose, 43 
Tests for chlorides, 29 
Tests for coloring matters, 57 
Tests for diacetic acid, 54 
Tests for fibrin, 45 
Tests for globulin, 42 
Tests for hsBmoglobin, 58 
Tests for indican, 55 



H Testa for murfn, 44 


Un^ometcr, Dorenius\ 2S ^^| 


■ 


^m Testa for orgiioit^ mnatilUCDls* 33 


Ureteral cathetenzation, 11 S ^^^ 


^^^^H 


H Tc»ta for [peptone, 44 


Ureteral epitbelia» 116 | 


^^^^H 


H TeiiU for pUfi^pLntes, 31 


Ureteritis, 1&8 


^^^^H 


H Trsta f*ir sugar, 47 


Urelbml epitUelift, 113 


^^H 


^m Tests for suljihatc^, S3 


Urethral tlireads, 116 


^ 


H Testa for urea, 2^2 


Urethritis. 275 




H Testa for itrii^ Qclii, 25 


UHc acid, ££4, m 




^^^ Teats for urobilin, 28 


Uric acid easts, 144 




^^K Toxicity test, ms 


Uric acid, ehenucal tests, 25 




^^^F Trails] torj' glycosuria, 46 


Uric acid, common form* 71 




Trauunitic vagiuitiSp 2&4 


Uric acid concretions, 73, 95 




Tmujnatism, 128 


Uric acid diathesis, 72 




Tridiomonn.^ vKgluaUs. ICO 


Uric acid from highly acid urine, 7S 




Triple plioaphalta, 83 


Uric acid gravel, 73 




Trojnmer's test for sugar, 47 


Uric acid iiader niicroscope, 70, 74 




True casts, ia3 


Urinary concretions, 95 




Tulicrole bacilli, IHS 


Urinary diagnosis. 179 




Tuberculosis of kidney, 157, 225 


Urinary pignuHits, 15 




Tuberculosia of prostate gJand, 3H3 


Urine obt4iined by ureteral CAthetcTf 




Tubular easts, 133 


113 




Tubuliir casts, blood. 137 


Uriniferous tnbulea, 1 




Tubular easts, epithelial, 186 


Urinlferous tubules, epitbelia from. 




Tuliular ciists, fatty. 140 


110 




Tubular casts, granukr, 137 


Uriniferous tubules, lioing of, 9 




Tut>vslar casts, Uyuliiie, 1S4 


Uri no meter, 17 




Tiihulur caf^ts, ndxifi, 143 


Urobilin, 15, 28 




Ttiliular eastSj waxy, 141 


UrobiilQogen, 15, 28 




Tubuk'S of Bellini, 2 


Urtjciiromc, 15, 27 




Tuft of kidney, 1 


Uroerylhrin, 15, 27 


^^M 


Tiuaoi^. 12H 


UrohsDmatin, 15 


^^H 


Tunjcirs of bladder, 264 


Urometer, 17 


^^H 


Tumors of kitlney. 243 


UitjindicAU, 15, 55 


^^1 


TuuKirs of prostate gland, 284 


UrtiXanthin, 26 


^^H 


Tumors of uterua, 2fi9 


Use of centrtfugt% 64 


^^H 


Twenty *four houi's' collection, 8 


Use of antiseptic substances^ 66 


^^1 


Typhoid bacilli, 158 


Uterine epitbelia, 121 


^^H 


Tyroain, r»9, 82 


Vaginal epitbelia, 119 


H 


Ulcemtion, 127 


Vftgiuilis, 293 


^^H 


Ulceration in uretlira, 'i76 


Vaginitis, catarrhal. 293 


^^H 


Ulceration of ureter, 198 


Vaginitis, traumatic, 294 


^^H 


Ulcerative eyatiiia, 257 


Vaginitis, ulcerative, 294 


H 


Ulcemtive vaginitis, 294 


Varieties of cancer of bladder, 368 


H 


Ultz man's teat for bile pigments, 57 


Vascular supply of kidney, 5 


■ 


Urate casts, 144 


Vegetable fibres, 175 


1 


Urea. 20 


Vegetiible matter, 175 


^^B 


Urea Ditmte, 21 


Venous arches, 6 


^^H 


Urea oxalate, 2S 


Vesuvin solution, 15S 


^^1 


Urea, qiiautitatlre teat for, 29 


Vogers color tints, IS 


j 
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Water-fungi. 176 Xanthin, 26 

Watery f uchsin solution, 152 Xanthin concretion, 96 

Waxy casts. 141 

Waxy degeneration of kidney, 186, Yeast-fungi, 148 

211 
Wheat-starch, 170 Ziehl-Neelsen's carbolic acid f uchsin so- 
White blood -corpuscles, 98 lution, 157 
Wool fibres, 167 ZoOglcBa, 150 
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